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ABSTRACT

The results of the Coast Guard Research and Development Center's Operational
and Technical Evaluation of the 110-foot Bell-Halter SES are reported. The
testing included evaluations of deck area and internal volume, speed versus
power, fuel consumption, towing capability, maneuverability, time to get
underway, and visibility from the deckhouse. Moment to heel, motion in waves,
sail area, susceptibility to slamming, performance in astern seas., and
watertight integrity are also studied together with hull vibrations level,
handling pollution gear, boom capability. and secondary variables. The
Operational Evaluation (OPEVAL) covered the areas of seakeeping
characteristics, habitability, equipment arrangement, mission support
capability, boat launching, survivability, interoperability and logistics,
maintainability and anchoring. Recommendations for improving test procedures
and equipment have been included as an appendix to this report. Computer
programs for collecting and evaluating the data are also given. A new
procedure for performing inclining experiments is described.
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1.0 INTRODUCTION

The prototype 110-foot surface effect ship (SES) manufactured by
Bell-Halter has been purchased by the U.S. Navy. Under an agreement with the
Navy the U.S. Coast Guard was allowed to use the vessel for an Operational
Evaluation (OPEVAL) and Technical Evaluation (TECHEVAL) over a 6-month period
from June to December 1981. During this time the SES was operated as a
replacement for an 82-foot patrol boat (WPB) and was commissioned as the USCGC
DORADO (WSES-1).

The Coast Guard Research and Development Center (R3DC) performed tests on
the vessel during two TECHEVAL periods, one in August 1981 and one in November
1981. This report documents the results of the Coast Guard Researcn and
Development Center efforts during these periods. The OPEVAL was essentially
conducted Ly the c-ew of the DORADO. Their comments on the multitude of
factors which must ve evaluated were collected through the use of
questionnaires during the TECHEVALs. The DOKRADO was operated by Commander,
Eighth Coast Guard District (CCGDEIGHT). A1l photographic support was handled
by CCGDEIGHT.

R&DC performed this work as part of the Advanced Marine Vehicles and Ship
Trials Program. This report contains the results of the TECHEVAL tests and
the compiled responses to the questionnaires used to collect data. for the
OPEVAL. The testing ircluded evaluations of deck area and internal volume,
speed versus power, fuel consumption, towing capability, maneuverability, time
to get underway, and visibility from the deckhouse. Moment to heel, motion in
waves, sail area, suscentibility to slamming, nerformance in astern seas, and
watertight integrity are also studied together with hull vibrations level,
handling pollution gear, boom capability, and sec.ndary variables. The OPEVAL
covered the areas of seakeeping characteristics, habitability, equipment
arrangement, mission support capability, boat Taunching, survivability,
interoperability and logistics, maintainability and anchoring. Recommenda-
tions for improving test procedures and equipment have been included as an
appendix to this report. '
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2.0 DESCRIPTION OF THE SES

The USCGC DORADU (WSES-1) is a 110-foot SES manufactured by Bell-Halter.
It is a high performance, surface-effect ship capable of on-cushion speeds
approaching 30 knots with a minimum load in calm water. The craft rides on a
resistance-reducing cushion of air trapped between rigid sidewalls and bow and
stern fiexible seals.

The vessel is shown in profile in-Figure 1. Deck views are shown in
Figures 2, 3, and 4. An inboard profile is shown in Figure 5. Figure 6 shows
the seal system used. Cushion air is supplied by centrifugal fans to the
cushion through longitudinal ducts to orifices aft of the leading edge of the
bow-fingers, amidships through the bottom wet deck, and aft into the stern
seal bags.

The SES is admeasured under 100 gross tons and has received a U.S. Coast
Guard certificate of inspection for operation in ocean service. Frincipal
characteristics of the SES are given in Table 1.

" TABLE 1
PRINCIPAL CHARACTERISTICS OF 110-FOOT SES

Dimens ions

Length overall (LOA) 106'-2"
Length between perpendiculars (LBP) 93'-6"
Beam (Max) 39'-3"
Depth 15'=-1"
Draft (Light Ship) OFF CUSHION 7'-0"
ON CUSHION Approx.  3'-0"
(Full Load) OFF CUSHION 8'-5"
ON CUSHION Approx. 4'-5"
Freeboard (Light Ship) OFF CUSHION 8'-1"
ON CUSHION Approx. 12'-1"
(Full Load) OFF CUSHION 6'-8"
ON CUSHION Approx. 10'-38"
Radar antenna height (above full load WL on cushion) 33'-6" top
30'-9" btm
Height of eye on bridge (5'-6" above deck on cushion) 25'-0"

Minimum operating depth 9'-5"

Leading Particulars

Displacement (Light Ship)
(Full Load) 1

(8 Y e
0OV
—
— -
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Machinery

Propulsion - Two 18V 149TI Detroit diesel marine engines (each 1440 SHP
@ 1900 RPM, 180 injectors)

Two 41.9-inch diameter x 50.5-inch fixed pitch propeilers.

Lift - Two 8Y 92TT Detroit diesel marine engines (each 435 SHP @
2100 RPM, 9290 injectors)

Two double width-double inlet centrifugal 42-inch diameter
fans

Generators - Main = 55 KW
Standby = 40 KW
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FIGURE 3
MAIN DECK PLAN VIEW
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3.0 CONCLUSIONS AND REZCTOMMEINDATIONS
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Very few modivications ware raguirsd L3 convart the cemonsiration crafti
manufactursd by 8ell-dalter into an opar-tional Coast Guard cutter. The major
modifications included a<ditional accommnodations, adding a towing bitt, and
providing a 4-meter AVON small boat. The 110-foot SES performed very weil
during the OPEVAL period and experienced few serious problems. [t was

generally praised by the crew as a significant improvement over current patrol
boats.

Several design problems do exist, however. The most serious of these are:

The hull was made as light as possible to reduce powering and 1ift
requirements. In several areas, but particularly near the after bhallast
tanks, hull cracking was a recurring problem. Overall the hull was of
adequate strength but in many areas tne strength was inadequite,

During most Coast Guard operations the vessel operated at a full load
displacement of 150 tons. OQOesign displacement is 125 tons. At full load
displacement engine power was marginal to drive the vessel past hump
speed. This is the speed at which the vessel begins to exhibit a reduced
power requirement with increasing speed. Wnen towing and when not at
optimum trim it was often impossible to achieve hump speed. The benefit
from getting over hump speed is large; therefore, sufficient power should
be installed to achieve this speed under sub-optimal trim and light tow
loads such as the Coast Guard's high-speed delivery sled,

Propeller design is another area of councarn. The original propellers had
severe c.vitation pro.lems. The present propellers are fixed pitch and
operate near the upper limit of performance for subcavitating

.propellers. Modifications to the original propellers were made to delay
cavitation. The propeller diameter was reduced by almost 2 inches and
theee (3) 3/8" diameter holes were drilled at the root of each blade for
venting. After several hundred hours under various loading conditions,
the present propellers show no signs of cavitation. The propellers used
are optimized for speed. As a result their towing performance suffars
cons idarably. Dual pitch or variable pitch propellers may offer improved
towing performance at a minimum loss of high-speed performance.

Maintenance requirements for the bow and stern seals does not appear to
be excessive. However, a lunger period of operation is needed to
quantitatively destermine the actual seal maintenance requirements.

The sail area of the SES is considerably larger than current natrol
craft, This is particularly true on cushion., NO serious windage or sida slin
problems were noted but the high profila combined with the spray from the
cushion makes the SCS visible from a greatar distance,
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In all other arzas studied, the SES parformed as well 2s or battar than
wP3s. OF particular note ara 1t; h.gh speed, lcow Tuel consumption, and
excellent maneuva"ab.11t/ The primary advanta
displacement vessal is its significantly graater
norsepower. Tne SES provides a roomy and very st
vertical accelerations are a prodblem in high seas
in much higher ssgas than conventional craft of 1i
vast imprcvement ovar 82-foot WPBs. No problems w
the DORADO with other Coast Guard units.

ed for the same installad
2 platform. 1though

ne SES is eble to operats
size. Habitability was 2
e experienced in operating

In summary, the surface-effect ship concept appears to be a strong

contender as a possible replacement for current cutters, Further studies
should be performed to determine the optimum power and propeller
characteristics.
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4.0 TEST RESULTS

4,1 Deck Ar2a and Intarnal Voluma

Various internal volumes and deck areas as required in Tast 2 of the
General Test Plan were measured from plans provided by 3all-Halter. Tnese ars
tabulated in Taole 2. The spocial use suitabilicty is subjective. The minimum
values given reprasent approxinately th~ vslume/area which can be used for no
other purpose than thac listed. Maximum vaiues include many overlapping
areas/volumes. Choosing the use of each area requiras trade-offs between

conflicting uses for the space. Also, more internal area can be obtained by
reducing the external deck area.

TABLE 2
DECK AREA AND INTERNAL VOLUME

USCGC DORADO (WSLs-1)

Total enclosed volume of hull 31500 cu ft
Total enclosed volume of dackhouse 3400 cu ft
External deck area Aft platform 270 sq ft
Main deck 2490 sq ft
01 400 sq ft
02 120 sq ft
Internal deck area 01 100 sq ft
Main 1160 sq ft
1 3350 sg ft

Special use suitability Max Area/Vol Min Area/Vol

a. Liguids 13800 cu. ft 5500 cu. ft

b. Accommodations, etc. 1770 sq. ft 800 sg. ft

¢. Machinery Spaces 1990 sq. ft 3870 sg. ft

d. OPS and Communications 1500 sq. ft 700 sg. ft

e. Pilot House 700 sq. ft 700 sqg. ft

f. Provisions and Cargo 2060 sq. ft 360 sq. ft

g. Stacks and Uptakes 140 sq. ft 140 sg. ft

h, Boat, Helo and AtolN 1500 sq. ft Q0 sq. ft

i. Ground Tackle 100 sg. ft Q0 sq. ft

12




4.2 Speed vs. Power

Speed/power trials were conducted previously by the Naval Sea
Systems Command (NAYSEASYSCOM) Detachment in MNorfolk, Virginia. A trial was
conducted in accordance with Test 3, Speed versus Power, of the General Test
Plan primarily to verify this previous work. Speed and power were measured

both on cushion and off for a displacement between the two displacements
previously tested.

The results of this test are shown in Figures 7 and 8. When these
results are compared to the previously reported results, a large discrepancy
will be noted. During our trial runs the vessel was never able to achieve
hump speed and peaked at a speed of sligntly more than 22 knots. Possible
explanations for this performance are non-optimal trim of the vessel or an
increase in bottom fouling. During our tests the trim was approximately C.1
degrees versus 0.6+ degrees used during the Navy tests. Experience with the
craft has shown it to be extremely sensitive to trim. However, prior to
conducting tie trials the trim was adjusted to get the maximum speed with
seemingly 1ittle effect. The amount of bottom fouling was unknown. There is
not enough information to attribute a cause to this transitory problem.

Torque was measured du. ing tne test runs using Ultra Product
Svstems, Inc. horsepower measuring equipment. Serious problems were
experienced with this means of measuring torque. These problems and
recommendations for improvements are discussed i, A~pendix C.

Observations made during the DORADO tests and the results of these
speed/power trials illustrate one very important difference between the
performance of SES's and displacement vessels. Namely, on a displacement
craft the loss of 50 percent of power may only result in a speed loss of 10-20
percent, while on an SES the effect can be much greater. If an SES such as
the DORADO were to lose one engine it could not get over ihump speed and the
speed ioss will be 50 percent or greater. This effect becomes more pronounced
in faster SES's. Also, there must be an adequate power margin to drive the
vessel past hump speed even in non-optimum conditions. The DORADO clearly

does not possess this margin as illustrated by the speed/power trials
performed.

13
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4.3 Fuel Consumotian

A modified versicn of Test 4, Fuel Consumption, was pervarmed. Tais
was done to veriry the accuracy of tha results oabawqod n/ the Haval S=z2
Systems Command uur1ng *=sL1n5 on 19-20 Feoruary 15%20. Informai 2Bsacrvations
of fusl consumption during tha OPZVAL indicatad a 1u ver fu2l coasumpticn,  Tne
confirming tasts were performed on 3 Decem be 1231, A snaft tarsicn matzr wis
not installad during the tests so shaft norsepowsr is not availadble.

In-1line fuel flow indicators (gal/min) were installed on both the
supply and the return fuel lines of the two main prooulsion engines and the
two 1ift fans. The fuel consumption of the generator was ignored. RAFM's were

" measured on both propulsion shafts and both 1ift fan shafts. A two nautical

mile measured run was used. Runs were made in ooth directions at the same

throttle setting. The results were recorded and the average over the two runs
was used to minimize the effects of wind and current.

The results of the tests ars shown in Figures 9 and 10. Additional
data is contained in Appendix A, Table A-1. The fuel consumotion data
gathered by HAVSEASYSCO! was con.wrﬂed by these tests. The fuel consumption
curve based on gal/nm is very flat over the gperating ranga of tne CORADQ.

This permits transitting at maximum spead with no greater fuel consumption
than when travelling slowly.
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4.4 Towing Capability

Test &, towing capability, was conducted. A bollard pull test was
performed on 21 May 1931 at Mobile, Alabama, and an 82-foot WPB was towed on
10 November 1381 in Pensacola Bay. The DORADO was instrumentad as prescribed

during the 82-foot WPB tow but did not have horsepower measuring equipment
installed for the hollard pull test.

The results of these tests are shown in Figures 11, 12 and 13. A
maximum bollard pull of 23000 pounds was measured at 1100 ERPM off cushion.
On cushion a maximum pull of 18000 pounds was measured at 300 ERPM. The
DORADO was able to tow the 82-foot WPB at a speed of 11.4 knots exerting a
cowline pull of 7000 pounds.

No serious problems were noted affecting the ability of the SES to
tow other vessels. However, the small diameter, high RPM propellers installed
are optimized for high-speed performance and are not very efficient for
towing. The propeller design requirements for these two conditions are quite
far apart and may separate further if higher speed vessels are contemplated.
It will probably be necessary to install variable or dual pitch propellers to

improve performance while towing with the least effect an free route
performance.

It must be noted also that the port engine was producing one-third
less power than the starboard engine while towing the 82-foot WPB. For tnis
test, bridge personnel advanced the throttles in-line visually. As a result
engine imbalance was not detected and therefore not corrected during this

test. Therefore, the towline pull may be slightly low as measured in these
tests.
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4.5 Spiral Maneuverability Test

Test No. 3, Maneuveranility-Spiral Test, was conducted for two
on-cushien speads, 10 xnots and 20 knots, and one off-cushion speed, 9 knots.
An attempt was also made to conduct a spiral test with the vessel going
astern. It was determined that the vessel backed into the wind and tne tast
was terminated. However, as a result of this test it was discovered that the
main engines and generators lost cooling water after only about 14 seconds of
running astern. This would prevent any extended maneuvering astern at high
speed.

Wind speed, wave height and current speed were witnin the limits
specified in the General Test Plan. Figures A-1 to A-3 in Appendix A show the
results of these tests. The "PLOTER" computer program in Appendix B was used
to plot the data.

Test results indicate that the DORADO has stable maneuvering
characteristics with no hysteresis loop apparant near zero rudder angle. The
high speed, on-cushion run has the widest spread of data. This ‘3 belfeved t9
be due to the vessel turn rate having not stabilized in the time ali.wad. It

apparently requires a significantly longer settling time to achieve a constant
yaw rate at this speed.
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4.6 Zigzag Maneuver and Performance in Stern Seas

Test No. 9, Maneuverability-Zigzag Maneuver, was conduc*ted for three
on-cushion speeds and two off-cushion speeds. The test also was conducted at
11 knots on-cushion with the seas from astern. The latter run satisfied the
requirements of Test No. 17, Performance in Astern Seas.

The folloving exceptions were mad2 to the procedures for these tests
as stated in the General Test Plan. First, the low-speed maneuvering test was
not performed due to the inability of the DORADO to maintain speeds of less
than 6 knots. When on-cushion the vessel has very low drag which results in a
clutch or idle speed of 6 knots. Also, the primary test location prevented
the vessel from establishing a base course into the wind. This had a minimal

effect on the test results but is evident in that it made the vessel easier to
turn in one direction than the other.

Not all runs were made with course changes of 20 degrees to either
side of the base course. The information from these runs is valid since the

yaw rate was steady. It is the yaw rate and the rudder angle which determine
the amount of overshoot.

Current speed was slightly greater than that recommended in the Test
Plan. It was approximately 0.7-1.0 knots instead of the 0.5 knots called
for. This caused no noticeable effect. Similarly, the water depth was much
less than called for. Most of the tests were conducted in 12 feet of water on
cushion. This probably caused a small change in the maneuverability of the
craft. The effect doas not appear to be large from the data collected.

In the stern seas performance test the wave height was approximately
2 feet instead of the 6-10 feet required. Because of tnhne small waves the

results of the test ar: not very meaningful. They tend to confirm the other

zigzag maneuve+ Zaty i ither than showing a degradation of performance in stern
seas.

Table 3 1i.ts the principal factors involved in these tests. Figure
14 is a typical data pl.i annotated to show how the entries in the table were

derived. The remaining data plots are in Appendix A. Appendix B contains the
computer programs used to reduce and plot the data.

The jagged appearance of the performance in stern seas plot in

Appendix A is due to the fact that the data points straddled the dead band in

the yaw angle transducer. This causes a few of the data points to be off
scale on the plot.

In Table 3 the time to execute, which is the time from the first
execute to the second, and the period are direct measures of the ability of
the vessel to rapidly change course. OQversioot yaw angle and overshoot path
width are numerical measures of countermaneuvering ability and are indicative

of the amount of anticipation requirad of a helmsman whila operating in
restricted waters.
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Since comparable data has not yet been collected on other Coast
Guard vess=2ls, no comparisons can be made. However, there is no indication
from the data collacted that there exists any maneuverability problams with
this vessel. [t benaves similarly to a displacement vessel and is fully
controllable under all speeds and configurations.
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4.7 Time to Get Underway

The time required for the vessel to depart the dock from a dead
plant condition was measured as prescribed in Test Ho. 10 of the Genesral Tast
Plan. The times datermined by this test are reasonably typical based on
observations of test personnel. The elapsed times ara given beliow.

TABLE 4
TIME TO GET UNDERWAY

Event Elapsed Time (Minutes)

Initial notification
Generators started
Generators on line
Shore tie disconnected
Operations ready

Deck Department ready
Main engines started
Engineering plant ready
Vessel departed dock

WP AT N WM O

—

This time is sufficiently short to cause little problem in responding to
emergency calls.

4.3 Visibility from Deckhouse

Test 11, Visibility from the Deckhouse, was performed. The areas of
clear view are shown in Figure 15. Complete availability of a 360 degree view
in the X-Y plane is easily obtained by walking around the pilothouse. An
arbiteary optimum viewing area has been assumed. This area extends from an
angle of 15 degrees above the horizon to 20 deqrees below the norizon at all
horizontal angles. This area is 12600 degrees squared.

For the DORADO, the clear view area is 4636 deqrees squared. This
is 36.8 percent of the optimum value.
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4.9 Moment to Heel and Boom Capabilit

Test Nos. 12 and 31 in the General Test Plan were performed., The
inclining experiment was parforimed in less than ideal conditions. Th2 crane
used to shift the weight could not reach across the deck of the SES. As a
result the SES had to b2 turned 180 degrees at the dock in order to snift tne
weights. The wind was blaoving at 10-152 knots onto the pier. Thereforz tne
moment due to the wind was added to the inclining moment in both weight

locations., Calculations indicated that this added about 3 percent to the
inclining moment.

Due to the extremely high GM of tne SES, the G4 was not adjusted for
free surface in the fuel and water tanks. The tanks on the SES are all small
and have small transverse dimensions so this omission will have very little

effect. The tank soundings at the time of the test are reported in Appendix
A, Table A-2.

A moderately successful attempt was made to measure the roll
period. One 10000-pound weiaht was dropped about 1 foot onto one side of the
deck to induce a roll. The vessel rolled only about 3 degrees and the roll
damped out in one cycle. A period of about two seconds was measured but this
measurement was subject to considerable error. A 2-second period equatas to a
iradius of gyration of 13.9 feet which is a reasonable value. '

A detailed description of the procedure used to measure the G4 is
given in Appendix D. The G4 calculated is 59.4 feet which includes the effact
of the beam wind. The value of KM from ihe curves of form is 69.2 feet,
resulting in a KG of 9.8 feet. This indicates that the vertical center of
gravity is located several fewt below the main deck which is reasonadle.

The moment to trim one inch from the curves of form is 23.2
ft-tons. If a heel angle of 6 degrees is chosen as the maximum acceptable
heel angle then the maximum weight which can be 1ifted 5 feet off the side of
the vessel is 77000 pounds at a displacement of 302500 pounds. This heel
angle will result in an approximately 2-1/2 foot change in draft on the side

of the vessel. This very impressive 1ifting capability is a result of the
large G,

Other data regarding these tests 15 contained in Table A-2 of
Appendix A,
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4,10 Motion in Waves and Susceptibility to Siamming

Tests 13, Motion in Waves, and 16, Susceptibility to Slamming, were

performed on 9 ilovember 1981 off Pensacola, Florida. Significant wave reight
during the tests ranged from 2 to 3 feet. This is at the low end of thz
acceptable test range. As a result the motions experienced were not severae.
The sea state was nearly unidirectional. dowever, a signifticant component

wave developed during the tests from about 100 degrees true. The primary wave

direction was 140 degrees true. Water depth in the test area was 84 feef.

Motions in all six degrees of freedom were recorded togetner with
the wave motion. Only roll, pitch and heave mations for selected runs were
analyzed, however. Spectra for the runs examined are included in Appendix A
together with a listing of the peak and valley ordinates of these spactra.
Table A-3 1in Appendix A lists the one-third and one-tanth nighest motions.

The location of the motion package i5 shown in Figure 16. MNo
correction nas been made to the heave motion to adjust for the longitudinal
distance between the location of che motion package and the center of
flotation.

Three mechanical impact counters were installed in the ship's
office and three in the after engineering space see (Figure 16). These were
all bolted to the overnead centerline girder. Tnese counters were read over
3-hour periods during both the on-cushion and off-cushion motion tests,
Nearly all the slams occurred during the 20-minute head sea runs, nhowaver.

Most of the slamming occurred during the 8-<not run off-cushion.
Buring the 2-nhour period only two slams exceeding 1 g occurred whila on
cushion. Approximately 102 slams exceeding 1 g and two exceeding 2 g's
aoccurred during the same period off cushion.

The slow-speed run in head seas was by far the roughest ride. The
motion amplitudes recorded show little difference between this run and others

but the coupling between the pitch and heave motions was such that a very
rough ride resultad.

A continuing problem exists concerning ship motion studies of this
sort. This problem results from tne waves not being unidirectional.
Therefora, ship motion response may not be the same in different seas aven if
they nave the same amplitude distribution. This problem is discussed in more
detail in Appendix C. Improvements are also discussed.

In general there was not a great deal of difference between the
motions at the different speeds and configurations. Pitch motion at 27 xnots
was significantly less than at 8 xnots due to the much nigner fraguency of

encountar. QOther motions were not affacted much by the fregquency of 2ncounter

snitt with spead,
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4,17 Sail Ar=a

The progject2a arz22s of the hull and decknous2 were computad as
required by Tast 14, Sail Area. The sail area was also computad for the
vessel on cushion. The locations of the centars of area are shown in Figures
17 and 13 and are tabulated in Table 5 below. The coordinates are bHased (n
the axes shown on the fijures.

TABLE 5
SAIL AREA RESULTS
Side Fad
Area X Y Area Z
Hull on Cushion 1289 54 .13 2.2 523 3.0
Hull Off Cushion 867 54.9 4.5 377 5.0
Deck House 383 66.1 14.1 276 15.3

Combined On Cusnion 1672 56.8 5.0 799 7.3
Combined Off Cushion 1250 53.3 7.4 653 9.3
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Figure 19 shcws :n2 floodable lengih curve for
The cross-natcn erea of this curve shows
standard for subagivision. The area shad2d with aots indicatas the additional

requirements for mesting & ilw~c-compartment standard. The vessael falls short
of being a two-compartmznt vessel but only due to tne combination of tne
machinery and cargo compartments. Any otner pair of adjacent compartments
could be flooded and the vessel would remain afloat provided all other
compartments were intact.

the 110-7fa0t 3CS.

A ship check indicated numerous violations of watertight integrity
on the watertight boundaries. Nearly all these watertight integrity provlems
were due to poor maintenance, i.e., loose wire stuffing tubes. The design of
an SES is very similar to that of a catamaran hull form and an SES has few
additional watertight integrity problems. One that does require attention is
the problem associated with the ducting for the 1ift cushion. On the DORADO
this consisted of a passage under the first deck running the length of the
vessel between the side hulls. Tnhis passage was open to the sea and connected
to the interior of the vessel through the ]ift fans. The 1ift fans must be
watertignt to the flooded waterline or els2 flooding of the machinery space

will result. Similar design prcblems w111 exist with any SES design but can
be easily handled.
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the vassal satisfies a one- compartment
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4,13 Hull Yibrations Lavel

Test No. 22, Hull Vibrations tavel, was conducted during the
spead-pcower trials., o vibration measuremnents were mada witn W2 vessel
running astern because tne OORADD can sgerats astern for only a faw minutas
before losing se3 suction., The procecures of Tast 23 ware f3llowed. Wave
height during the tests was higher than optimum. There was a 2-foot sava

heignt instead of the desired one foot.

Six acceleration transducers were installed on the vessel in the
locations designated in Figure 20. A1l transducers were mounted on bulkhead
stiffeners near the main deck level. All locations were at hard spots which
should virtually eliminate local vibrations. Plots of the vibration
displacement amplitude for selected runs are included in Appendix A. Four
different runs are shown in these plots. Run No. 1 was conducted at zero
speed on-cushion, and Run No. 20 was conducted at zero speed off-cusnion with
the fans secured. Run 11 was a full-spead run on cushion and represents tne
peak hull vibration level. Run 16 was a 1200 rpm run off-cushion. Tnis is

maximum speed off-cushion. The pickup numbers referenced are those shown on
Figure 20.

A1l of the results show a hign lavel of vibration below aoout 2
hertz, This vibration is caused primarily by the waves. 0On cushiion there is
a pronournced peak at approximataly 2.3 hertz. At zero speed tiis vibration is
in phase along the length of the hull or, put another way, is a neaving
vibration. At full speed this vibration changes to a pitching vibration. The
other vibration peaks represent vibrations in the fundamental bending mation
of the hull. MNone of the vibrations are severe and all appear to be caused by
the 1ift fans. There is almost no vibration caused by the propallers. Tiis
is probably due to their small size and high ~pm.

Although the crew complained of vibration prohlems on the DORADO,
there appears to be no serious overall vibration of the hull. Most of the
problems are probably local vibrations which must be handled individually.
The 1ift fans seem to be the primary vibration source for vibrations of the
hull as a whole, The most significant vibration i< probably causad by a
rhythmic venting of the cusnhion.
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4,14 Questionnaires

Most of the mc -2 subjective aspects of the OPEVAL were handlad by
having the crew fill out questionnaires. The same questionnaire was used
during botnh test periods. Thne responsas to the guestionnaires nave been
conpiled and are included in Appendizx A, Since the number of topics covered
by the questionnaires is large, no further discussion will be included here.
Crew composition was less than ideal for a study of this type. This problem
is one of those discussed in Appendix C. Most types of aperations the Coast
Guard performs were performed by the DORADO during the OPEVAL. The DORADO
performed all these missions quite well and was rated by the crew to be a
significant improvement over an 82-foot WPB.

4.15 Handling Pollution Gear and Anchoring

A deployment of the self-skimming bLarrier was observed by LCOR
GOODWIN of the R&D Center (R&DC). This deployment also invulved the SES
towing the Coast Guard's fast deployment sled and a small Dracone barge. Two
problem areas were noted. First, the SES could not get over hump speed with
the sled in tow. The SES was able to maintain about 13 knots which is
slightly faster than a WPB while towing the sled. Second, the SES's anchors
wer2 inadequate to hold the vessel in position with the boom deployed. In al)
other aspects, the SES performed as well as or better tnan a WPB and provided
a very stable work platform.

Test 36, Anchoring, was also performed to verify other aspects of
anchoring and vessel ride while at anchor. Mo serious problems were
encountered which would prevent safe anchoring. The vessel rides well at
anchor and has no tendency to override the anchor cable. There does not
appear tn be any danger of damaging the forward seal either when anchoring or
when riding at anchor. [t is apparent from calculations of the required
anchor size and as a result of the barrier deployment that a significantly
larger anchor is required, The anchor noisting apparatus installed on the
ONRADO was inadequate to raise the anchor currently installed. An anchor
capstan of adequate size and power is absolutaly essential to safe anchoring.

Powering of the vessel is discussed in other sactions of tnis
report. However, as a Coast Guard vessel the SES must possess 2 towing
capanility. Variable pitcn or dual pitch propellers should be considered to
enhance taving performance. Propeller design will bhe a critical 2lement of
any high performance craft. [t is nearly impossible to design an efficient
fixed pitch propaller which can operats under high speed fres route conditions
and under high thrust low spaed conditions. A well-designed dual pitch or
variable pitch propelicr should be a significant improvement.
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4.16 Maintainability

Test 34, Maintainability, was conductead but tnere was insufficiant
data collectad during the OPEVAL to determine inean time Detween failures and
mean time to repair.

Some significant maintenance problems were noted. There were many
cracks in bulkheads and stiffeners which required welding. The structure in
way of the after ballast tank was particularly prone to cracks. It is clear
that the structure of the SES must be increased in strength to survive the
rough service Coast Guard use will impose.

Other maintenance problems resulted from local vibrations. One of
these caused a very serigus engineroom fire when an 0il line broke spraying
0il onto a turbocharger. The vibration test on the hull indicated no serious
vibrations of the overall hull structure. The local vibration problems should
be correctable by redesign of the structure or shock and vibration mounting of
equipment. No vibration mounts were used on the DORADO.

Most of the equipment was easily accessible for maintanance., One
exception is the outboard sides of the main engines. Few on board spares can
be carried due to weight considerations.
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4.17 Secondary Yariablas

The checklist from Test 35, Secondary Wariables, was used during a
survey of potential problem areas. Of primary importance was identification
of hull or equipment items that are inadequate for Coast Guard service or
which would restrict use to certain geograpnic locations.

About three inches of insulation was installed in the accommccation
areas of the DORADO but none in the engine room or other machinery spaces. Mo
sound deadening insulation was installed on board. In order to meet Coast

Guard standards, more insulation would be required with the accompanying added
weight.

There were no particular problems noted in the area of equipment
vulnerability and protéction from the elements. All equipment was

well-protected even though venting of the cushion causes a great amount of
spray on the deck.

No unique safety hazards were noted. However, the large vertical
accelerations measurad in previous Navy tests associated with operating this
vessel in high sea statzs, as documented by the Naval Sea Systems Command
(NAVSEASYSCOM) IN Report No. CG-D-13-81, pose a serious safety problem.

Personnel are likely to be thrown around if not strapped into seats under
these conditions.

Ship's plans show the location of equipment adequately.

A fixed COo fire extinguisning system was installed. Mo
sprinklers were installed. There were two fire pumps installed and pressure
appeared adequate. Vital cables and watertight doors were satisfactorily
Jocated. The switch for the main fire pump was in a noor location but this
could easily be corrected.

A heat pump wes installed for heating and ventilation. This system
appeared adequate under a heavy air conditioning load and is probably
satisfactory for most heating locads as well. Heated windows were not
installed in the pilot house.

A small davit with electric winch was installed to launch a 4-meter
AVON rigid hull rubber boat. HMNo significant problems were noted in boat
handling using this arrangement. The boat was easily launched with a few men
in seas up to 4-5 feet. Higher sea states were not observed.

Excellent navigation equipment was installed. These included two
Loran-C's, a Loran-C plotter, and a VHF-FM direction finder. A small gyro
compass was installed but the magnetic compass was usually used. Chart table
space was adequate but not excessive., Two radars were installed.

The vessel had two VHF-FM radios and an HF radio. One YHYF-FM radio
was equipped to scan and also to act as a radio direction finder. Both of

Se L

these features were nighly useryl and praised by the crew.

No cargo boocm was installed.
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A bilge and ballast system was installed on the SES. Howevar, no
capability was installed to pump water from a disabled craft alongside. The
DORADO did carry standard Coast Guard dewataering pumps.

A total of 95 KW of generator capacity was installed. Tnis
included a 55 KW main generator and a 40 Kd generator installed on the port
1ift fan shafft. There was no evaporator installed.

Two 8Y92TI Detroit diesel engines were installad to drive the two
1ift fans. Tnhe port engine also is coupled to a 40 KW generator.

The actual hotel Toad is not known but installed capacity was more

than adequate for 14-16 people. Sewage holding capability appeared to be the
most critical hotel services problem.

In summary, there are few serious problems which would preclude tne
use of this vessel as a Coast Guard vessel. Insulation and sound deadening
would have to be improved. As mentioned elsewhere in this report, the
structural failures experienced require redesign and strengthening of much of
the hull structure. Both of these problems will result in considerable
additional hull weight and may require increased engine power to maintain
performance.

43




APPENDIX A
DATA PLOTS AHD TABLES

U L T O T o P WP Y U Y Y T Y U T e e a2 £ o4 2 e s 4 i mee s e vl 4 e v N




[ —

T R T A I N - e e = —q——ﬂfw"'.—--x—-’
i

: TABLE A-)

b FUEL CONSUMPTION DATA

" GENERAL DATA: 3 December 1981 - Wind SW at 19-15 knots
Seas Sv at 1-2 fact

4 December 1931 - Wind SW at 10-15 knots
Seas SW at 1 foot

Water Depth (measured run) 26-40 feet
4° trim by the stern

2-3 December 1981 19-20 February 1980 .
| Speed  Gal/Hr  Gal/N.M. Speed  Gal/Hr  Gal/W.M. '
i %
r{ 5.0 57 1.4 10.8 57 5.3 |
f 8.6 60 7.0 14.2 90 5.3 .
t 12.2 90 7.4 19.8 160 8.1 ;
y 17.0 137 8.1 22.6 163 7.2 j
| 17.2 148 8.6 27.6 205 7.4 5
[ 18.5 151 8.2 |
._ 23.0 165 7.2 |
: 26.1 195 7.5 !
)

. Twin Screw

ﬁj Gawn-Burrill Propeller
y

(

3-blade, bronze
40-inch diameter by 50.82 fixed pitch

Main Propulsion (2) - 16V14971 Detroit Diesel w/180mm injectors
(2) - 8V92TI DeLlraoit Diesel w/9299 injectors

Oraft: (Forward) 7'-10"
© (Aft) 8'-o"

S SIaahea

Displacement: 329,430 lbs

R L

b Fuel Flow Monitors by Headland products: 30C0 PSI Max
R 3/4" Supply
- 1/2" Return

A-1
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}
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TABLE A-2
INCLINING EXPERIMENT

Date: 3/5/31

Location: USCG Base Mobila, Alabama
Vessel: USCGC DORADU (WSES-1)
Drafts: Fwd Port 7'-6"

Fwd Stbd 7'-6"
Aft Port 8'-2 1/2"
Aft Stbd 8'-2"

Water Depth: 24 feet
Water Temperature: 909F
Water Specific Gravity: 1.022
Wind Speed:
Air Temperature: 840F
Barometiric Pressure: 30.12

10-15 kts on beam

Two 10,000-pound sinkers used as inclining weights.

Liquid Loading

Tank
1A 450 gal
18 50 gal
2 416 gal
28 508 gal

Tank

3

4A

48
Pot .water
Lube oil

397
365
365
554
113

gal
gal
gal
gal
gal
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COMPILED QUESTINNNAIRE RESPCHSES
QUESTIONNAIRE 15A - SUBJECTIVE SEAKESPING CHARACTERISTICS
VESSEL NAME
YOUR HAME ' DATE

TIME ON BQARD

This questionnaire covers some of the aspects of seakeeping which are difficult to
measure. Answer the questions which you feel are within your experience. Check
Not Observed if you do not feel qualified to answer the question. If there are
additional comments you would like to make regarding seakeeping, you may include
them in the Remarks section.

1.

NUMBER 0F RESPONSES SHown

Wave Height Wind Speed i
Less than § feet R Less than 20 knots RS
5-15 feet L) 20-35 knots 9 |
15-30 feet 35-60 knots I j

Since you have been on this vessel, what were the maximum wave height and wind!
speed you experienced?

Greater than 30 feet

| I

Greater than 60 knots
How did this vessel perform in those conditions compared to a WPB?

About the same _
Much better 9 Horse

Better 3 Much worse

|

|

Based on your experience, in what sea state will the vessel reach the limit of!
a 1 2

safe operation? 12114\'5'20'25'25

Wave height 70,10,/5,20,20 feet
In what sea stite does it become difficult to perform your joh?

. 4—G|7D"?0?l(§'(6
Wave height ¢~%,7,9,7,10,21¥ feet

what is the principal reascn for this difficulty?

Motion sickness Difficult to stand or move
Spray or water on deck
Other (explain)

~
IR

o)

Faso £ uitmsn o) Déc.C

How do you think the motions of this vessel in a sea compares %0 a WPR in
tarms of ability to perform your job?

Not observad ye About the same [
Much bettar 4 Worse
etter = Much werse




( 7. What motion of the vessel causas tne most difficuity?

b
V Not observed 4 Rolling L
- Pitching ___Vertical acceleration g
& Fore and aft acceleration | Side o side accaieration L
t( VIBRAT 0r | Unprecictable accelerations  ~3—
- 8. Is motion sickness a problem comparad to a WP3? ;
1 Not observed A About the same 2
- Much more of a problem Less of a problem 3
m More of a problem Much less of a problem g |
' 9. Is deck wetness a problem? ;

Not observed ‘ |
' Yes 13 No 5
E‘ 10. What is the principal cause of deck wetness?

Not applicable _ Spray (S

Waves washing deck | Vent lines 2.
X Other (explain) 2. CUSHION Vet
i

11. Does spray cause a visibility problem?

» Not observed

Yes 5 No L
] 12. How coes the visibility frem this vessel in rain, sleet, or snow ccmpare to a
: WPB?
[' Not observed g About the same 2
. Much better 4 Worse
q Better < Much worse

13. Hew does your ability to navigate in fog with this vessel compare to a WP8?

{ Not abserved __ About the same

Much better | Worse |

. Better | Much worse .

f 14, What causes fog navigation to be better or worse than a WPS7?
: Not applicable L Electreonics installed 2
; Location of lockcuts 1 Plotting area available 2.
_ Other (explain) -
E 19. Wwhat wave height limits the maximum spead of the vessel, i.,2., when do you
; have to slew down to ogerats the vessal safeiy?
t Not observed -
. Wave height & 6-3,4-9,515,%,, feet
»; é-? J;I? “:/>/S/
g
§ A-5
. e )
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16.

7.

18.

19.

20.

21.

22.

Head seas _S  Bow seas 6
Beam seas 4 Quartering seas 2
‘Stern seas _ 2. All neadings safe S

What is the principal reascn for sicwing down?

Not observea Yessel motions S
Slamming 1o “Motion sickness
Water on ceck Spray ;

Other (explain)

I

VAPT AL, ACCRILANGTISlS

What direction to the waves provides the best ride?

Head seas | Bow seas 2
Beam seas Quartering seas 32
Stern seas q !
What direction to the waves provides the worse ride?

Head seas 6 Bow seas 3
Beam seas 2 Quartering seas 2
Stern seas

|

!

At what headings, if any, do you feel it would be unsafe to operate the vesseﬁ
in the maximum sea state you have seen while on the vessel? Check all that
apply.

i
1
|
i
1

In the maximum sea state you experienced, could the vessel be kept on course
at all headings?

i

1

Not observed . I
Yes A No .32_1
[f no, what headings prevent maintaining course? ’ i
Not applicable _ Head seas ___i
Bow seas . Beam seas 2
Quartering seas 1 Stern seas L

what procadure do you feel is best for improving the ship's ride in high seas{

Not abserved Slow down on present course 7
Change course | Heave to 1
Change operating conditicn

(come off cushion, etc.) 3 Other (explain) 1
Zast operating conditicn USE  PapTipl CoLHica

How coes tne susceptibility of this vessel L2 icing compare to a wrPS?

a

Mot observed About the same {
Much better Worse
datter Much worse

1.7
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24. Is this vessel mera suscaptidle to damage cue
W -

to deacneads in the water taan
Not observad

About the same
More susceptibla S

Less suscep=ible

|

25. Remarks. Include comments cn any aspects of seakeeping not covered in the
questions above which you feal are important.

MUCK  MoRe STABLL THaw WPA . /Makhs Wolkilide ALeAGSIDL
ANYTHAER VASSAL ENSIK4.

|
i

Briowss CRRp To GET Good WiGHrs IUEP

1
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VESSEL NAME

R SN i [ i
. .
ST —~

e vy

YOUR H F“J"zE

(o)
p=l
—1
£y

IME ON

ol

CARD

This questionnaire ccocvers some of ¢
fortadble is it to work and rest gooa
feel are within your experience. C
to answer the question. If there a
regarding habitability, you may inc

— 3

1. Qverall, hcw do you feel the habit
Much better 14
Better L
About tha sarme

2. Hew cdo you rata

Excellent

of nebitab
sal., Answer the ql
ot Gbscrvad if you do not

1 comments you would
in the Remarks sectieon.

the bertning compartmants

[
IO

lluj

tability on this vessel compares to a

Harse
Much worsae

on this vessel?

1 & Poor

Good é Terrible
Cnly fair

3. How do you rats the messing facilities?
Excallent | 5 Poor
Good a Terrible
Cnly fair —éL

4, How do you rate the sanitary (heads, showers) facilitias?
Excallent _ﬁ_ Poor
Goad R Terrible
Only fair 2

5. what was tha noise iavel 14

wnera ‘Ycu Waeriked
Mot ocserved

Quiet Z
Milaly noisy pA
Very noisy JA
Jeafaning bl
3. Jid the ngis2 Javal aifzct your 20iiizy 22
Mot ctiervad

La
)
w

woreed and sla

4

cr

o)
,.o

whera You Slept
Not observzg
Quiet
Mildly noisy
feryv naisy
Ceafaning

|
{

{

hew ¢on
anich
qualifia
to maki

|

!

WP3 7
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10.

11,

12.

13.

0id the noise level affact your asility to

Mot observed
Yas

How did the motion of the vessel affect your ability to gat a good nignt's

sleep?

Praventad slieep
Had 1ittle effect on sleep

How does the motion of this vessel compare to a WPB in its effect on your

ability to sleep?

Much better
Better
About the same

—

13

S
2

Made it difficult to sleep

Not observed

Worse
Much worse

What is the temperature in the berthing and messing areas 1ixke?

Not observed
Too hot

0id temperature in the berthing ccmpartnant affect your ability to get a gooi

night's sleep?

Not observed
Yes

||

Just right
Too cold

No

What was the vibration level like where you worked and slept?

Where You Worked
Not observed
No vibrations
Moderate vibrations
kigh vibrations

ol |

Where You Slept

Not observed

No vibrations
Moderate vibrations
High vibrations

) &

0id the vibration level affact your ability to perform your job? i
Not observed : ;
Yes 4 N .[é%
[f yes, wnat was the principal way it affected

your ability to do your job?

EVEAY T ) G HAS  To (e TIED —own/

0id the wibraticn laval affect your ability to get a good night's sieep? }
Not cbsarved |
Yas ' 2 Mo /

A-190

[

UV 4



17.

How coes the vibration level on this vessel compare t3 a WPS?

Not observed About the same |
Much higher vibrations 2 Lower vibrations
Higher vitraticns 2 Mucn lcwer vibrations ]

Remdarks. Tommant on eny factors cencerning naditaoility which were not cov-
ered above.

E NG kRO M MuCH  TOo MN0OISY DouBul EpR PrRorccrion) /"'{,::/:ﬂ,tI
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QUESTIONNAIRE 20A - QPERATIONS EQUIPMENT ARRANGEMENT

VESSEL NAME

YOUR NAME
TIME ON BOARD __

I

o
})
4
rm

This questionnaire covers some aspects of the arrangement of equipment used by the.

operations personnel,

Check Not Observed if you do not feel qualified to answer the question.
are additional comments you would 1ike to make regarding operations equipment
arrangement on this vessel, you may include them in the Remarks section.

]Q

[e 1Y

Answer the questions you feel are within your experience,
I[f there

Compared to a WPB, what equipment was easier or more convenient to use and

what was less convenient to use?

Easier or More Convenient

i
!

More Difficult or Less Convenient |

GoHLEY £ RLLrEl- SPrils Lsom IR Smatl Lopar
—Bripse [Z1Rf F1G Tl ChA
MoV Senw | Vdk 2300 Rapan
_ErRrifomi i L

11

Did difficulty in using some navigation equipment cause significant problems

affecting the safe operation of the vessc¢l?

Not observed .
Yes L No

[f yes, which equipment caused the problem and wny?

ChAL'T PLor or RADAR

R 3

|

—

Did some equipment peculiar to this vessel make it significantly easier to

operate the vessel safely?

Not observed
Yes

I

No

[f yes, what egquipment?

[hiam  MNay  Cownlurtin RADARS , Lonar -C  Prorcrn

|
;
{
|
4
{

I

Hew would you rata
compared to a wPS8?

Not observed
Much easier

About the same
Tue Z
cas jer =

More difficult
Much more difficuls:

A-12
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7
the ease of conducting night cperations with this vessel

|
|
|
|
|

|
{
i

|1
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10.

1.

12.

13.

4.

15.

What principal aspects of the equipment or equipment arrangement made it
easier or more difficult?

EQuilPmintT 1A% ur NOR A o o s PARSTL

Wera there unique safety hazards associated with using the operations equip-
ment on this vessel whicu did not exist on a WPB? If so, list them.

Not observed ___ No unique hazards S
Unique h cards SLIPPELy  DbLits ’

i

0id the motion of the vessel cause significant problems for you in equipment |
operation?

Nct observed L
Yes i~ No

Did vibrations cause problems with the equipment?

e

Not observed o
Yes s No

g

Compared to a WPB, what was the noise level in the pilothouse 1ike? j
j

Not observed About the same 2]
Much noisier T Somewhat quiater 4
Somewhat noisier & Much quieter .
i

What was the overall effect of noise, vibraticn, and snip motion on your ?
ability to do your job? i
Not observed ___ Caused little diificulty 9
Made it extremely difficult T Had no effect 5|
Mada it difficult 3 -
. i
0id ycu find this vessel more fatiguing than a WP37? é
Yes L o 1L

Less fatiguing?

Yes 7 N /

——— !

Was there adequate protecticn frcm the elements to permit you to operate the |
vessel effactivel? !

Not observed

|

|

Yes i
|

| 2. No 2
Jid exhaust gas from the stacks cause any problems with vessal operation?
Mot observed |
Yes 2 No iR

A-14
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16.

17.

Do you think this vessel could be operatad without damage in waters containing
floating ice? :

Not observed .
Yes L Mo | 2.

Remarks. Comment on any other aspect of operations equipment arrangement
wnich ycu choose.

A-15
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QUESTIQNNAIRE 21A - ENGINEERING ECUIPMENT ARRANGEMENT

VESSEL NAME

YOUR NAME DATE

TIME ON B80ARD

This questionnaire covers some aspects of the arrangement of equipment used by the
engineering personnel. Answer the questions you feel are within your experience.
Check Not Observed if you do not feel qualified to answer the question. If there
are additional comments you would 1ike to make regarding engineering equipment
arrangement on this vessel, you may include them in the Remarks section,

1. Compared to a WPB, what equipment was easier or more convenient to run and
what was less convenient to run?

Easjer or More Convenient

More Difficult or Less Convenient

Sewvnda LUt M6

QLQQJuj

Cow  OUAALAAD

|
|

\ l

H'é.l}:" € M]N'\L ;
1

0id difficu]ty in operating any of the machinery cause significant problems |
affecting the sa‘e operation of the vessel? %

|
Not observed 1
Yes T No S |
i

1

3. If yes, which equipment caused the problem?

0id some machinery peculiar to this vessel make it significantly easier to
operatea the vessel safely?

Not abserved
Yes 1 No S
5. If yes, what equipment?

6. Ccmpared to a WP8, were the main engines easier

Not observed
Yas

==
o
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10.

1.

12.

13.

14,
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More difficult to work?

Not observed
Yes

T No :£~

How would you rate the ease of maintenance of equipment in the engine rooms
compared to a WP8?

Not observed ' ____ About the same 2.
Much easier to maintain Harder to maintain 3
Easier to maintain Much nharder to maintain [

How would you rate the ease of maintenance of all equipment outside the engini
rooms compared to e WPB?

Not observed About thz same 3
Much easier to maintain Harder to maintain 2
Easier to maintain Much narder to maintain | ﬂ

Which equipment cause the most maintenance problems and why?

VitpAToN 0 F LINGS | SEuipés o) P

Were there unique safety hazards associated with running the engineering plan
on this vessel which did not exist on a WPB? If so, list them.

Not observed No unique hazards
Unigque hazards CANT 16w OJUTHNARY GiNnt._ Ok MDE'S |, GEAR Loa  Gaudrs
NELY 1 Gl PrLigrs. _r[’m)& VAT Lt Toov) a1k bh, Sl d NG

0id the motion of the vessel cause significant problems for you in equipment
operation? ‘

|

|

|

Not observed !

Yes No 1
i 2
0id vibrations cause proolems with the equipment?

Not observed o 3
Yes 9 No 4

what equipment was most affected by vibrations?

Ppes  ucs € Rours !

Compared to a WP8, wnat was the noise lavel in the 2ngine room 1ike?

|
Mot abservad l

About the same [
Much noisier g Somewnat quiater o
Somewh it ngisier

- -

Much quieter i
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18.

19,

20.

21.

e = Cme S Lem SE W TTWTT T T T T AT T Dl Anage 2 T T TR T T w

S
What was the ovarall effact of noise, vibration, and ship motion cn your
ability to co your job?
Not observed Caused little difficulty g
Made it extremely difficult | Had no effect |
Made it difficult A
0id you find this vessel more fatiguing than a WreB?
Yes . 3 No &
Less fatiguing? ?
Yas 4 No 3
Did you experienca any problems with equipment failing due to hot weather?
Not observed i
Yes T Ho 9
I[f so, what equipment?
Did any equipment fail due to cold weather?
Not observed i
Yes No ¥

[f so, what equipment? 1

vt -+

Kemarks. Comment on any other aspect of engineering eguipment arrangemen: or
nperation which you choose. Comment on snperfluous equipment or needed
equipment which was not on voard.
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QUESTIONNAIRE 22A - DECK EQUIPHMENT ARRANGEMENT
VESSEL NAME

YOLR NAME DATZ

e st i e Sl SR A |
)

TIME ON BOARD

This questionnaire covers some aspects of the arrangement of oqu1pmant used by the
deck department. Answer the qu2stions you feel are within your experience. Cneck
Not Observed if you do not feel qualified to answer the question. I[f there area

additional comments you would 1ike to make regarding deck equipment on this vesseX‘
you may include them in the Remarks section,

1. Compared to a WPB, what equipment was easier or more convenient to use and
what was less convenijent to use?

vaI

Eas ier or rore Convenient

More Difficult ar Less Convenient

; Tow GL,ML SeTUr Apdeldon,  1+anpLials
L.

BoanainGg FRom. dosr

SMmale Bopr DAVIT

S mALl Bon+

Tow Rir T

I U S S—

——— T

- . . . » + 1] » i
Oid difficulty in operating any of the equipment cause significant problems
affecting the safe operation of the vessel?

Not observed .
Yes

!

E

r No [ 2.
4 .

F‘ 3. If yes, which equipment caused the problem?

}

;

¢

‘- 3

) . 0id some equipment peculiar to this vessel make it significantly easier to
conduct operations sarfely?

Nat observed .
' Yes 2 No A
; S. [If yes, what equipment?

B'Q&QD 1A 6 F- /\) PN Ar’,l—:‘"/l

Derte. Goan SOEliliry

n
.

Compared ty a WP3, was tne deck equipment easier to maintain?
Not abserved

. Yess 7 o
[ .

¥
]
(3]

r
L
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1.

0.

12.

1

1

3.

4.

More difficult to maintain?

Not observed

Yes / No

»

How would you rata the easa of maintenance of the hull (painting, etc.) com-

pared to a WPB?

Not observed ' About the same 4

Much easier to maintain [ Harder to maintain

Easier to maintain 2. Much harder to maintain . .

Wnat equipment or structure caused the most maintenance problems?

Were there unique safety hazards associated with deck operations on this |

vessel which do not exist on a WPB? If so, list them. ,

. , i

Not observed No unique hazards 7.

Unique hazards Huil CRACIS pDub TO POANDAIG :
!

0id the motion of the vessel cause significant problems for you in equipment |

operation?

Not observed

Yes No 13
i

0id vibrations cause prob'ems with the equipment?

Not observed

Yes Z No AR

What equipment was most affected by vibrations?

WelDS | Aull STRYCTYRA

Compared to a WPB, what was the noise lavel on deck like?

Not obseryed About the same

Much noisier (=] Somewhat quieter

Somewhat noisier 3 Much quieter

what wis the overall effect of noise, vibraticn, and ship motion on your

ability to do your job?

Not observed Caused iittle difficulty 7

Yade it 2xtremely difficult Adad no efrface 4

Mace it 4ifficult 2

Jid you Find this vessel mire Fatigquing than a wPB?

Tas ( Ho | 2.

4.2
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16.

17.

18.

19.

20.
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.

Less ratiguing?

Yes < No |
0id you experienca any problems with equipment failing due to not wazther?

jot obg - -

Yes Mo 12

[f so, what equipment?

Did any equipment fail due to cold weather?
Not observed o |
Yes 1 No g

[f so, what equipment?

|
i
%
!
%
Remarks. Comment on any other aspect of deck equipment arrangement or opera-

tion which you choose. Comment on superfluous eguipment or needed equipment
which was not on board.
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QUESTIONNAIRE 27A - QBSERYVED MISSION SUPPORT CAPABILITY

VESSEL NAME

YOUR NAME DATE

TIME ON 80ARD

This questionnaire is intanded for engineering personnel who are a part of the tesf
team. It will not be completed by the crew. Various issues are included which |
affect the ability of the vessel to conduct its mission but which do not Fit well

into other categories. A survey must be made of the vessel before completing this.
questionnaire in order to determine the capabilities of the vessel, In general, !
the test vessel will not have installed capability in the areas of interest or the,
installed capability may be minimal. You must, therefore, look for problem areas

which would prevent installation or diminish the capability if installed. Advan- |
tages which tha test craft type possesses over other vessel types should be noted.'
Of greatest interest ars those characteristics of the test vessel type. Characters

istics peculiar to the specific test vessel should be noted but kept separate fromi
type characteristics. !

COoMPLETED By Q?‘ 0 C PERSOMNL L ;
|

1. Could a water wasndown system be installed to wash the entire main deck and
deckhouse?

Yes // No

2. MWould any equipment of significant importance to the operation of the craft
need to be securad to operate the water wasndown systam if installed? List.

ANone

Is there any reason why a firefighting system similar to that installed on CG
cutters could not be installed on this vessel.

Yes No

4., If yes, what is the reason?

5. [Is this craft, due to its design or materials of construction, preventad from
getting as close to another burning ship or structure as a conventional staeld
hulled vessel could get?

Yes v’ No

5. Could the vessel get close 2ncugn %0 a major fire to usa 2 fire monitor if oné
was installed?

Yes v’ No
Probably
2-25




{« 7. How would vou rata the damage stability of this vessal type compared to a WP21?
}
'
r Much better Worse v’
f Eetter Much wcerse
] About the same
i . _
( 8. s there anything in the design of the vessal fnat would prevent installing ar
adequate dewatering system on bcard?
Yes No .iﬁ:.
[. 9. If yes, explain.
: , : |
o 10. Can this vessel dewater another vessel using all the methods conventionally |
‘ used?
» ‘
t‘ Yes v~ No |
) 11. If problems exist in dewatering another vessel, explain them. !
S |
; 12. How difficult would it be to load cargo onto this vessel compared to a WPB8? }
' 1
. Much easier More difficult 1
k Eas ier = Much more difficult —
L‘ About the same |
{ 13. What is the potential cargc capacity of this vessei compared to a WP8?
!
i
Much greatar Less _
Greater v~ Much less '_ﬂ
4 About the same
5 14. What characteristics of this vesiel make it easier or more difficult to load
r ? 1
‘ cargo? !
i‘ OPEN Dernic € CARGO SPACA AT DL LAZAL
¢ ‘
' 15. Could oceanographic and similar werk te conducted over the side of this vesse
Yes No
= ' —
, 16. Ara these potential hazards in ccnducting such operations not found on conven
{ tional cutters? i
f Yes No A
f 17, If yes, what are they?
y i
|
\
}‘ t
: A-2F
| . |
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20.

21.

22.

23.

24.

25.

26.

27.

s st e o s e Ao i A

k
Dces the freepoard con tnis craft make werking over the side easier or more
difficult than on a WrB?
Much easier More difficult
Easijer .~ Much mcre 4ifficult
About the same
Could underway replenisnment gear 9e installed on this vassel type i7 the
vessel was the size of a large cutter. ‘
Yes ‘_/_ NO “
What factors peculiar to the vessel type would affact such an installation?
None
Could a flight deck be installed on this vessel type? f
!
Yes v No !
' i
IT yes, approximately what length vessel would be required? ;
i
200 BT 1
1
If no, what aspects of the vessel configuration would prevent it? !
|
1
{
Are there any unique hazards which would prevent refueling a nelo on deck?
Yes No v’

In the air?
Yes No

If yes, list the hazards.

0o appendages or other aspects of this vessel type's configuraticn make it
esvecially dangerous to put swimmers in the water?

Yes v No |

[f yes, what are these aspects?

Ves N LY 2 o Cuiwmrj

there any reascn wny conventional shora tie ccnnections can
alled on this vessel?

'F
L2
st

Yes )

s
1
i
t
t
p
b

Xa

]

20

~1
!
" S
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31.

32.

33.

34.

35.

36.

37.

If yes, 1ist the reascns,

Could a sonar hHe installed in che nuil of this vess21?

Yas

Ho
Probably

N
|

Could the sonar be made as effactive as a saonar on a conventional hull?

Yes - No —_—
Probably v \
Could a towed sonar system be installed? ;
Yes v MNo _
Probably 1
Are

special sensors required to detect wave height or craft elevation above
the surface?

|
-

Yes No

Can the vessel be operated safely should such sensors fail?

Yes No
Probably -

—

AW e

Could an underwater communication systsm to a submersible be installed for us
~ith the vessel DIW.

Yes v No
Tf no, why not?

Could a small one or two-man submersible be 1ifted from the watsr and carried
on deck?

Yes v No

Remarks. Comment on any nther points regarding the above guesticns which you
wish. ALOM | wum HuLtL A~ND RURGRA. SEALS wi ke

ForC k. VA S At TO  SrAND  OFFR FARTHLR  FRom  FIRLS

[,
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GQJESTIOHNNAIRE 28A - SUBCECTIVE MISSICN SUPPORT CAPABILITY

VESSIL NAME

YOUR NAME

DATE

n

TIME ON BQARD

This questxonna1r° covers scre aspocts of the vessei'
Guard missione which other questionnaires do not.

feel are within your experience.
to answer the guestion.

s ability to perform Coacst !
Answer the questions which you.
Check Not Observed if you do not feel qualified
If there are additional comments you would 1ike to make

concerning the application of this vessel to CG missions, you may include thnem in
the Remarks section.

(o })

Do you feel an up-to-data plot of the vessel's pos1tlon can be mdlnta1ned or
does the speed of the vessel make it difficult to keep such a plot?

Not observed L
Plot can be maintained very easily 1l
Plot can be maintained with little difficulty 4

Margirally able to maintain plot .
Plot cannot be kept up to date -

Does the navigation equipment installed provide the information you need to |
navigate in a timely manner? ;

Not observed

Yes T  No

Do you need more information or information more often?

Yes : No (D
Are there other problems with navigation due to the cdesign of this type vesseal
Not observed

Yes I Ko 9

}
|
|
i
4
|

Not observed E
|
%
]
4
|
If yes, what problems? :

FATAonLTERL MNEEDRN  01) CUSHi 02

Joes the configuration of the vessel causa

1

l

| . problems with the installation and 1
use of standard CG communication equipment.

Not observed . {
Yes NQ i 2-\

A-29
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10.

1.

12.

13.

4.

]

5.

(e}

[f yes, list the problems.

How would you rate the freaeboard of this vessel wnen boarding another vessel
alongsiga?

Not observed - Just right
Much too high ] Too Tow

Too high 1 Much too low

S

| 1]

Were there null appendages or other aspects of the vessel's design that made
it difficult or impossible to come alongside another vessel?

Not observed - ;
Yes ___ Mo 13

[f so, what were they?

Were there hazards unique to this vessel type which made coming alongside in g
small boat difficult?

Not abserved -
Yes 2 No

[f yes, what hazards exist?

S¢5 STAL  WHILK  Saale  Apar Moy T4 WAYLS

{
How would you rate the difficulty of boarding this vessel from a small knat i
compared to bearding a WP8? |

Not observed About the same

Much easier :;;: More difficult 1
Eas ier . Much more difficult “_*

0o you feel a larger vessel of this type could be outfitted with underway
replenishment equipment and replenished underway safely?

Not observed |
Yes 14 No

|

) ]

[f no, what are the main prchblem areas? J
i

1

|

Co ycu thirk it is saf2 td put a swimmer in the water from this vesse)?
!
Not observed |

Yas [ & R[s) i

A-30
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17.

18.

19.

20,

21.

22.

23.

24.

25.

26.

Do hull appendages or other asp2acts of this vessal type make putting a men in
the water dangerous?

Not observed - ,
Yes T Mo =R

Do you foresee significant problems in recovering a swimmer from thz water ‘
with this vessel?

Not observed . i

Yes LMo L7

Compared to a WFB, how difficult is it to get an injured person from the water
onto the vessel?

'
1

|

Not observed —_— About the same A
Much easier More difficult 2
Easier 31: Much more difficult L

If the vessel nad a flight deck installed, do you think you would have signif-%
icant problems launching and recovering a helo?

Not observed — '
Yes / No

=

Hcew large a crew would be required to launch and recover a hela?

3-15

ﬁgﬂ7would you rate the ease of mooring and unmooring the vessel compared to a
87

Not observed - About the same G
Much easier More difficult 7
Easier _L Much more difficult :f:

What is the principal factor which made it easier or more difficult to moor?

Bermce Rubdie. Re<anse B.G6akrr $S,2c

0id you have significant difficulty loading stores and cargo on the vessel?

Not observed

Yes ! No /3

1
Was it 2asier or more difficult than leading staras and carjo on a «P%? }
Not observed About ths same 5

Much easier 2 More difficyls [
gasier 2 Much mere difficuit

0id th2 vessal deploy any polluticn cleaanup equipmant whil2 you were ¢n board?}

Yes ya No

|

{

i

~
. [\‘

|

A-31
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CG missions.
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i

E

%‘ 27. Which major pieces of aquipment were denioyad?

Suis § Boom

;

i( 23. How wouid you rate the ease of deploying pollution equipment freom this vesse]}

E as compared to a WP3? ;

5' Not observed About the same _;;i

: Much easier 2 More difficult !

F! Easier I Much more difficult N

' 29, Overall, do you think this vessel would be an effective means of transport1ng
pollut1on equipment to the scene of an o0il spill? !

E Not observed !

F‘ Yes ] No s

E 30. Providing that proper lifting equipment were installed do you think this 1

E vessel could launch and recover a small (one ar two man) submersible? i

;‘ Yes 13 No -

L‘ 31. If no, why not?

i 32, Remarks. Include any other comments on the usefulness of this vessel type on

e




¥

L~

T

T

it are

YT

MG - i

r.fﬁ.ﬁ—v' erv-V

QUESTIONNAIRE 30A - BOAT LAUNCHING CAPASILITY

Lam o 2as s e Srut el A S e AL S e |

VESSEL NAME

YOUR NAME DATE

n

TIME ON BOARD

This questionnaire covers some of the aspects of boat launching which are difficult
to measure. Answer the questions which you feel are within your experience. Check
Not Observed if you do not feel qualified to answer the question. If there are
additional comments you wouid 1ike to make regarding the ability to launch a small
boat from the vessel, you may include them in the Remarks section.

1. What is the maximum wave height in which you have seen the boat launched and

recovered? i
|
Not observed . 10-15 fzet .
Less than 5 feet 10 15-20 feet ___{
5-10 feet 4 Greater than 20 feet
2. Compared to a WP3, how easy was it to launch and recover the boat from this 1
vessel? %
Not observed About the same 2
Much easier 3 Somewnat more difficult 2
Somewhat eas fer . 4 Much more difficult ___l
3. Were %here significant safety hazirds involved in launching a boat from this 1
vessel?
Yes 4 No 10

Not observed

4. List the safety hazards which were most significant.

|
|
!
i
|

B GCAP wWiTid  SAFETY L HyIS Down

5. What effact did the freeboard on this vessel have on launching and recovery
Jgperations cocmparad to a WP8?

e A

Mot observead No differenca 3
Made job easier 2. Made jco more difficuit 4 |




—

:

10.

o4

Was the boat-handling equigment (davits, lines, =tc.) better cor worse tnan a
WP3?

Not observed Atout the same _JE
Much better i Worse 4.
Better 2 Much worse

——

[f you could nave modified the boat-handling equipment and arrangement any wa
you wished could it be made better than the current arrangement on a WP3?
Not observed Could be made better

Could not be made as good Could be made much better

L
=
Could be made as good

=

or

From where on the vessel do you feel it is best to launch a small boat? |
Stearw oRL SIDL

What is the maximum wave height that you feel it is safe to launch and recoxe
the small boat in from this vessel?

Less than 5 feet b 15-20 feel ‘ .
5-10 feet 7 Greater than 20 feet L
10-15 feet L Wave neight feet

Remarks. Comment on any other factors affecting boat launching which you
choose.

e

s




QUESTIQNMAIRE 324 - SUAYIVAZILITY

i
- -

VESSEL uaM:

YOUR NAME

TIMEZ Ot 30AR0

iais questionndire cover oame of the asgects of zurvivanility as they apply to
this vessel. Answer th 2sticons wnicn wou fz2el ara within your experience.
Check Not Observed if you do not feei qualified to answer the question. If there
are additionai comments you would like ) make reqgarding survivability, you may
include them in the Remarks section ~vivability as usad here refers to the

vessel's ability to survive an at* :k by an enemy.

1
!
1. Compared to a WPB, wnat is tha Tikzlincod that this .

——
i

vessel would be damaged by
an underwatar explosion? 1
Not observed About the same A %
Much more 1ikely 2. Less 1likely —
More lixely _ 2 Much less lixely 2. !

2. What underwater features of this craft meke it more or less suscentible to
damage?

Not applicatle

Hull plating thickness

Size and type of appendages

Other (explain)

Hull shape
Amount of hull in water

v

Lalas |

Séses

- prr——
v Y AT gy

_ 3. Compared to a WPB, what is the likelinocod that this vessel would be damaged by%
% an air blast?

p Not observed About the same 4

- Much more 1ikely A Less likaly [

?, Morsz likely g Much less likey

é' 4. Wnat above-wal . features make it more or less susceptible to damage? {
’

b Not applicable - Antennas and masts /

b Plating thickness 5 Area of plating 3|
i Other (explair, 1 ALUM . MUl

1.

!

|

!

F

X

.

[

i

!

&

; A-35
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13
3

R

F

wm
.

than a WP3?

More Susceptible Less Susceptid’
Spead 3 B
Maneuverability L A
Size 9 .
Magnetic signature '___ 4
Other (explain) Haw mpmzz.a( l -

Remarks. Comment on any other factors affecting survivability that you choosé

i




QUESTICHNAIRE 33A - INTEZROPERABILITY AND LOGISTICS

VESSEL NAME

YOUR HAME DAT

TIME ON BOARD

This questionnaire covers some of the aspacts of operating this vessel with other
Coast Guard units and of resupplying the vessel. Answer the questions which you
feel are within your experience. Check Not Qbserved if you do not feel qualified
to answer the question. If there are additional comments you would 1ixe to make
regarding operations with other units and logistic support, you may include them in

the Remarks section.
1. Is fuel readily available for this vesseal?

Hot observed

Yes T4 Mo

z
i
|
|
|
|

2. How would you compare the difficulty of fueling this vessel to a WPS?7 %
|
|

Not observed ___ About the same G

Much easier Somewnat more difficult S

Somewhat =asier Much more difficult /

{

3. What is the principal reason for fueling being easier or more difficult? i

MAUY  TAVKS My TAIMSFLL FPumls |
4. Compared to a WP8, was this vessel restrictad in the piers available for

mooring by any of the following?

Not observed Oraft 7

Beam "L Length [

Special faatures ____

(hull appendages, =tc.)
Other (explain)

Compared to a WP8, how difficult was it to load and stow supplies (food, spare

B

parts, and consummables) on this vessal?

Mot observed
Much easier

About the same 3
2
Somewitat easier <

Somewhat more difficult [
Mych more difficuls
5. What was the principai reoascn for it Seing easier or more difrficuly?

NORL Rompn_ . St e iy f D=3.,2¢

NN I L. A
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2 Somewnat more difficult ]
Somewhat 2asjar 4 Much more difficuls
|
[
A-38
L g “ - - - o o J

7.

10.

1.

12.

v

m

What major itsr
ire

will be requ

e

r

CaG i) PRITS L

——

Have you obscrved this vessel operating jointly with a nelicopter?

Yes 12 No 4

Compared to a WPB, how difficult would it be for a helo to lift an injured
person from the deck of this vessel?

Not observed About the same
Much easier g Somewnat more difficult
Somewhat easier 2 Much more difficult

trn—

Compeared to a WP3, how difficult would it be to conduct rombined searches :
using this vessel and a nelo? ;

Not observed About the same z_{
Much easier S~ Somewnat more difficult —
Somewhat easier 2 Much mare difficult :

Wnat principal factor makes it easier or more difficuit?

|
|
SPEED | CRmral mawrduvig sliur s Si A, St sy ]
What other aspecis of ship-helo operaticns are noteworthy with reqard to this|
vessel?

ML Pooa~

Have ycu observed ccmoined cperations between this vessel and another C§
cutter?

Yes A& N &

Compared to 2 WPS, how difficult is it to cancduct combined operaticns wish
another CG cuttar?
Mot obsarvaea

About the same 2
Much 2asier i -
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15.

16.

17.

18.

19.

20.

21.

22.

23.

Wwhat is the principal fzctor that maxes it 2asier or more difficuls to ¢
comb jned operations?

O
o |
(qW
[
(9]
¢t

How would you compare rafualing this vessal alongside a larger (G cutier to
the same operation ¢n a WP3?

Not observed About the same J
Much easier ! Somewnhat more difficult

Somewhat easier Z Much more difficult

How would you compare other replenishment op=-ations alongside to a WPB?

Not observed ___ About the same _
Much easier 2 Somewnat more difficult 1
Somewhat easier 4 Much more difficult ___

Has your vessel relieved a tow or passad 2 tow to another CG vessel wnile you
were aboard? 1

Yes 1O No 7

Compare the difficulty of relieving or passing a tow to ccing the same opera-
tion on a WPB?

Not observed About the same
Much easier Somewnat more difficult
Somewhat easier Much more difficult ﬁ

What principal factor made passing a tow easier or more difficult? |

APOP L (D50, . STHAMNA. WnRle  PLATEZ M ANIEA B ALRB LY

t

(
|
Are.there hull appendages or other structures likely to be damaged wnile |
towing or while picking up or passing a tow? |
|
I

Not observed :
Yes 1 No a9

[f yes, wnat appendages or structures? ‘
1
|

5: /2(.0\.)( fo % [ Fn LA

[s more or less training required to operate and maintain this ve

ss2l than i
required for a WP3? : S

Not observed

Abnut the same 7
Much more / Somewiat 1ass
Somewnat morse ! Much lass
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24,
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27.

28.

What types of training need to ba given which are peculiar to this type of
vessel?

SPheial €Kil Jo  Desiald of LS CONJCA| Rl oulb w5, 8~ LrQuv:pn &

TRim , C6 Libr FAr OPLR AT OIE

LBCUMiaim, MNP TLaIRN LA

What types of training are required on a WPB that are not required on this
vessel?

Cverall, how would you rate the problems of keeping this vessel supplied with,
fuel, consummables, and spare parts compared to a WPB?

|
i

Not ubserved ___ About the same _gii
Much easier ___ Somewhat more difficult -
Somewhat easier 2 Much more difficult

]
Overall, how would you rate the problems of operating this vessel with other |
CG units compared to operating a WPB with other CG units?

Not observed ___ About the same .
Much easier 2 Somewhat more difficult |
Somewhat eas fer 3 Much more difficult .

1
Remarks.

Comment on any aspects of operating with other CG units, resupp]yin%
the vessel, and training that you desire. Offer any suggestinns you have for

mak ing combined operations more efficient. Any craft characteristics which
permit new tactics should be noted.

Con) OPLRATL EASILY ITH  OTHEAL CUTTEY
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PEAK DISPLACEMENT AMPL [TUCE
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USSOC CORASG (nSES~1)
i PICKUP NO. 6
. RUN NO. 11 .
- SHAFT FREQ 12,95 HZ
MAG ]
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SHAFT FREQ VT K

4.4
no

P SRV R

' T T T v = T Lana Y

HZ
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PIOKUP NI, 3
RUN KA, 24
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URCGC DCGRADD (WZES-D)
PICKUP NO, &
RiING. 2D
. SHAFT FREQ  8.03 HZ
HAG ]
0. a ¥ T 1] [] T L] ] R ' ¥
8.9 HZ 50, 209
PEAK DISPLACEMENT AMPLITUDE
A SEn R, AR A 100 g
A
USICGC DORACT 'w5ES-1)
e PICKUP HO. 6
RUM NO. 16
) . SHAFT FREL  @.74 HZ
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USCGS OC7a0d (vsEs-1)
=
] PICKUP NO. 2
g . RUN NO. 1 ‘
b . SHAFT FREQ 2.02 HZ
-
HAG ]
8.8 A T 7 T T T T T T

8.8 HZ S8, 833
PEAX OISPLACEMENT AMPLITUOE
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| PICKUP NO, 2
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. SHAFT FREQ  C.23 HZ
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COMMENTS ON PROGRAM "SES"

This is the master program used in the field to collect data for the
DORADO tests. It can be used as a model for other ship tests as well. #Much
of wnat is included is of a general nature. Routines to initjalize equipment
and test to insure that equipment is running properly are included. The
program stores up to ten minutes of data on flcppy wisks. The data is stored
identically on two floppy disks with check read. This means that the data is
read off the disks after being stored and compared to internal memory. This
insures that what is on the disks is what was intended. Loran-C data can also
be collected and continuously plotted if desired. The program contains

provisions to read any of the data desired back from the disk after a run and
print it out.

The main program runs self tests on instruments which have this
capability. A1l instrumentation was on interface #8 except the floppy disk on
interface #7 and the Loran-C on interface #11. After initializing equipment

the main program transfers control to the data-collecting sub-program
"Sestst". ' '

Sub-program "Init" initializes the devices on the #8 bus and prints a
list of the devices on the bus.,

Sub-program "Sestst" is the main data collection routine. It allows for
initial test setup and then waits for the test to start at line 2170. Pushing
CONTINUE on the computer will start the test sequence. The test can be run
for an integer number of minutes from 1 to 10. The loops from line 2230 to
1ine 2680 comprise all the data collection statements. In the case of the SES
tests, four data items were read each second (scanner channels 1-4). On
alternate seconds, frequency and time delay were read from the two counters.
Every four seconds a beep tone was generated to assist in recording data from
the Loran-C. Every 15 seconds the time was checked and data printed.

Provision was made to read digital data from the horsepower meter but this was
not used.

Each minute seven additional channels were read (scanner channels 5-11).
This process is repeated for the number of minutes specified. After all data
is collected it is stored on disk in subroutine "Diskst". As previousiy
stated, this routine stores duplicate copies of the data using check read.
Whenever the amount of data changes, the number of records allocatad for
storage of this data must be adjusted in line 2960. This subroutine tries to

be forgiving of recoverable errors and many of the statements are for this
purpose.

After storing the data, the "Sestst" sub-program allows the operator to
print some of the data. If this is desired then sub-program "Datanl" is
called. Tnis sub-program reads the stored data o{f the disks and offers a
menu of data items to be printed. The operator selects one of these by number
and the program decodes and scales the data type specified and then prints
it. After printing the data the program loops back to the menu. This routine
must agree with the data collected and is only correct for the SES test data.
The calculations are straightforward and should be easily adjustec for
different data.




- e = = W W el W WO, W T W ow T, w N
0 it vt Mage e N M it et atel aes vl o TR e T T R -

A

i Sub-progr-am "Unpk56" is a Hewlett-Packard supplied routine for decoding
packed data from the 3456A Digital Voltmeter. Data is stored on disk in this
packed format.

;S Sub-program "Latlong" decodes the data string from the Loran-C and

be converted it is ignored.
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converts it into x-y coordinates for use on the plotter.

If the data cannot
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39
49
59
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7O
39
9
139
110
129
138
1409
159
1890
179
1289
139
299
219
229
nt
239
249
259
281
279
289
281
299
399
319
329
339
3449
350
389
<k
32
390
499
410
429
439
449
: 4508
1 489
L 479
Y +39
¢ 489
8 599
. S
S29
$39
S43
q 359
- Ssd
s 579
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3
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v Y YT F
LA

2.0

T YTV YT Y
A 7 AR

FRIMTER I3 3,23

PRINT "s$<tdamsissticsscisitsdrnsitnrss

PRINT

PRINT "=
PRINT "%
PRINT "=#

Loran 2 should b
Loran © mode 14

wr
e
<o

PRINT
FRIMT " #
PRINT

ll*ll

Turn on the

PRIMT M sdd s s e R R R R R R A A NS R R R R RS A SRS R LR R R SRR SRS F AR FF R I

FRAUZE
OPTION ERSE 1

CAM Barm, Iumy Tut, Carl, Ctr2 PIy Frt dnin, dnas, Ymin, Ymax, INTEGER Filcou

COM Timesols i,
COM Poszdatdid; p
ITHPUT "LiOOkK AT FR
IF RECL, 114" THEMN
INPUT "WHICH FILE
ON ERRJR GOTQ File
PRIMT LIMCLY Filed,LIMCL2
Filocount=YALLFilesCa; 230

QOFF ERROFR

Noloran=d

IMPUT "“WAS LORAN UIED?", Rt

IF ASCL, (1< THEM Holouransl
CALL DatanliHoloran:

GATN End

-
- Ul

(O
1

C )y

53 C»
[x]
3
(4

File:

23
LY

m

wr
o
-
-
LAY
m
[1x}
[h)
—

Cont: Filcount=4
PRINT "32t Front<Back zwittal an

BEEP
DIsSP
PRUSE
CRLL Init

SET TIMEQUT 3:Saad

DN INT #2,5 QosUB
RESET 3

QUTPUT Dumi“"TEL™
ENTER Duvm; A

[F AXX1Q THEM Dumerr
QUTPUT Dum;“TESQ"
PRINT "“altmeter
QUTPRUT Scnmy“sTL
ENTER 3cn;iAs
IF R$>m3ES3"
QUTPUT Scnj"aTar

FRINT "Scanmnsr passed szifrzzt®
QUTPUT Ctrlg"IN"
QUTPUT Ctrl; "IN
FRINT "Countars

"PUSH COHTIMUE WHEH RERDY"

Timaoue

THEN

funsrr

Pass=d selftesze”

EER Y

1t

PRIMT "= St mode 15 to monthsday
PRIMT "=# St mode L2 tao 1Y

.30-::'

3458

PRIMT "= Thiz progran waz JdEsigred For the tezst”

PRIMT "= sf the Eslli-Halter (187 SES,"

PRINT "= [t wzes the scannsr, 3452 dum, the dizk driwve,
PRIMT "= armd the printar, The zuzvem woltmeter izn’y
PRIMT "= Yaltmeter complene should be connscted to 2at,

AT T e T A T T

"

Waed, "

ing,"

interface #L1LY

At EC190 098], Mindat s 19y 23]
LECLD, 400121, Rpmdarnsc1g, 595 (42]
HLY T, AT

", File$

oYM vy Fraont®

,,,,,,,,
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- 5383 IMPUT "MWILL LORAN EE UIEDT",RE
o 594 IF ASCL, 122" THEH Holorzn=l
A 500 IF Maloran THEH Zkip
L 819 DISP “IMITIARLIZE PLOTTER"
S 829 PLOTTER [3 =,5,"%5TEAR"
. 539 BEEP
o E49 QUTPUT Pleo; IN"
. 859 WRIT Zowe
:‘ 859 DISP “EMTER QRS CORHER POINTS OF PLOT™
b, §78 LUCRATE
e 539 WAIT 2999
e 6919 IMPUT "Lowsr Teft LONG <Deg,Min:",Degl,Minl
e 73 IMPUT “Lower left LAT <Deg,Min>",Deg2,MNin2
b 719 IMPUT “Upper raght LIOHG <Deg,Mins",Degl,Mind
E 72a IMPUT “"Mpper right LAY “Dzg,Mins",Degd,Ming
i' 738 XminaDegl+Minl &gl
b 7498 Hmax=Deg3+Min3 B0
i 759 Ymin=Deg2+Min2 50
Eh 769 Ymax=Degd+Mina B0

. 779 Skip: CALL SeststcHalorand
i 789 End: PRINT "PROGRAM COMPLETED"

X 799 STOP

i 3909 Dumerr: PRINT "Selftezt srror ogccurrad on woltmeter,”
? 319 PRINT "Make zurs 34 56 Bum iz on and mothing {3
o 320 PRINT "connmgcted vo i3 iaput tarninals. "

o 339 PRIMT "Runm thiz programn adain to recheck.”

H 840 BEEP

& 3%0 STOP

3 889 Scnerer; PRINT "Seaiftast srror gccurer:d on scsnner, "
L~ 879 Index=NUM{AE)

& 239 OM Index GOEUE Ernss!,Eruszl,Ermneid

Ef 379 PRINT "Check 23¢arnsr ahd PERUn peogran 1y rechecke "
X 299 BEEP

! 918 STOP

. 320 Ermesl: PRINT “"Cross guard ailure”

0 539 RETURH

L $489 Ermesd: PRINT "A.D Failure"

989 RETURM

: 980 Ermes3: PRIMT "Tiner failurs

97 RETURM :

. 980 Timout: I[F MOT TIME OUTCSY THEM RETURH

g 398 PRIMT “A timegout ooourresd duriamd am ousput or entgr opsration'
3 1909 BEEP

g 1919 RETURN

3 1929 END

' 1939 IR L LR L R E T LR

3 {949 !

. 1959 !

3 1389 !

g 1879 SUB Init

3 1989 !

3 1998 COM Fen,Dum,Sum, Ctrl  Snr2,P1le, Pry

- 1199 DIM Messagesl24]

. 1113 INTEGER HAddress

S 1128 ! INITIALIZE DEVICE ADDRESSES

. 1139 Computer=3821 VO3YSTEM COMPUTER

{ 1140 Scn=809 ! 349TR SCHMNER ADORESS

X 1158 Dum=322 bo3455R8 DIGITAL YOLTMETER RDIDRE:RS
. 1180 3um=82IS P3427A SV3TEM WOLTMETER ADDRESS
>

-

>A

3 B-4
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x 1179 Pro=g$23 T FRINTER ADDREES
A 1139 Ctr1=383 ] CoUNTER Moo ! ADDRESS
. 1199 CLp2=30d ] COUMTER Mo, & ADDRESS
1299 Plt=305 bR FLOTTER ADORESS
; 1219 Bus=3aon DIV 194
n 229 ' WERIFY THAT IHTERFALE [35 HMP-LE
. 1239 READ 10 Buz,Si%ignaturs I SICHATURE OF 33@34A HFRE-IE INTERFACE
] 1249 IF EITC(Signaturs, "Hodditiidid s THEM Mezzages="PRESENT"
O L1250 IF MOT BITC3ignatuars, “aupoiEduyd"y THEH Mszzagsd="HF-12"
: 1269 IF BIT(Zignaturse, "l iy THEHM Hpib
o 270 QUTPUT 3,23 USTIHIG "oy I0H kR K, 20 21, Ky "CAUTION: IMTERFACE #"jBus;" 1
ﬁ S HOT "&M»ssages;“HENDRMHL TERMINATLOH OF PRIOGRAM,
L 1239 BEEP
h 1299 3TOP
g 1300 HpibitABORTID Bu= ! IMITIALIZES IMTERFACE AMD BUS
b 1319 RESET Bus ! SEMD3 DEMICE CLEAR <DCILY
B 1329 ! CHECK FIOR EGUIFPMENT OM EME AT ALL ADDRESSES AMD PRINT DEWICE MAMES
FI 1338 DUTPUT 13,23 USIHG "« 298,k, DDk, ";" EQUIPMENT PRESENT OH BUZ S"%CHRSC122); |
" Bus; CHR$(123)
h 1340 FOR RAddres==4 TO 39
& 1359 BUTPUT Buz,RAddreszs USIHG "#" | ADDRE3S DEVICE T LISTEM
T 13519 STATUS BuziHA, A A,dnbus | ZEE IF IT LISTEHED
. 1379 IF NOT BITOdnous, 32 THEM Mut | BIT & TRUE IF DEWICE PREZENT
- 1‘° Messagesa" Diwice Unkrcwn"
- 399 IF Address=Conputen MOD L0 THEM Mezzage$="333%F Zpstem Computer”
% 14899 IF Address=3cn MOD 199 THEH Mes:agsd="34%TA Mainframe"
\ - 1419 IF Addresz=Duwm MCD 100 THEM n95==g~$-“34363 Digieal Yoltmeter"
[ 1429 IF Addrezz=3um MOD 192 THIM Meazager="2437A System Yolometer"
- 1430 [F Addreszs=Ffrt MOD 100 THEM Mezizzags$="2ETEA Printer’
2 1440 IF ARddress=Cyrl MOD 198 THEHM Mezzages="9318A Countsr Mo, LY
. 1459 IF Addresa=Cre2 MOD (39 THEHN Mezszagef="S316A  Counter Mo, 2V
- 1459 [F Rddress=Ple MJD 199 THEH Mgszzagef=2"3372E FPlotter"
! 1479 nUTPUT 3,28 UBIHG FatiMeszaged;Address
. 1439 Mxt iMERT Address
B 14990 Fye: IMRGE AN, 24R, " at addres: ",22
& 1500 SUEBEND
= 15190 !
5 1529 !
E 1530 |
¥ 1540 ‘BUB SestatiMNaloran)
Q {800 | s s A R A S o S A S R R P T N R A A A IR A T A TR NP S E S AR L L RIS R FH P&
E 1560 | THIS IS SUBPROGRAM "Sesrze" WHICH COLLECTS DATA FIOR THE 2E3 TESTS
- ISTD | it i A A R AN T A A A Tt r A R r S A S A R AR S S A F S LA SRS F F R SR AR B L
¥ 1539 !
i 1599 OPTION BASE 1
v, 1800 INTEGER Pusind,Rumtim2,Mir,Ss:
" {819 COM 3¢n, DumySum, Crrtl, Cord Py, Preo duin, Naas, Ymin, Yaax, INTEGER Filcou
& nt
Lﬁ 1829 COM Timed(#),3gcdar i+ ,Mindatdis)
& 1839 COM Posdat®(#r,Digdass{+2,Rpmdat Fis)
2 1841 I R R T L L T gy
) 1859 Init: QVERLRAP
1859 ABARTIO 3
1870 RESET 3
1539 IF Moloran THEM 3kip
1890 SCALE Nmirgimax, rmin, ¥max
% 17949 RESET 11
{1719 skip: REMOTE 9
- 173y QUTPUT Seni"SISEQSDLTION
r‘.
o
{
; B-5
SRR SR SR SRR LR

|
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INFUT Do wou want 1o changdes tims",AF
IF ASTL, 124" THEM kKegsptind

Ag="n
PRINT "Emter times of daw inte scannes oenuzal lo
BEEP

FRIMT "Cods i3t Shife, T,0,MMDDHKMMES, Exgn”
LOCRL 3
DISFP "PUSH CONTINUE MHEH FREADYM
PRUSE
REMOTE &
Keeptimet QUTPUT Dumg "HTSZO1STHLETL  0SSTOMADIFLOLSMBRARI0L"
WRIT toww
LOCAL LOCKORT 5
Frntswt tDUTPUT Dumg “3UL"
EMTER Dumjf¥
IF Ag="g" THEM Rearzut
BEEP
PRINT "Front- Resar zwitch 32t to frant”
PRIMT "Program waiticng faor pou %o changsz it."
DISP “PUSH COHTIMNUE MWHEN FREADY!
PRUZE
BOTO Frntswe
Rearzswt  INFUT "Heow long iz tezt (1=19 minsy”,RBuntime
IF (Runtiue 1R DR CRBumtimetl) THEM Raagrzwun
REDIM Time$ilsRuntime, Qs SeadatScfuntimer,Minmdat EoRumtime)
REDIM Digdart $cRunt ime, 4 RpndatsCRunn ing, 590
IF Noloran THEM Rgadu
REDIM Posdat$il:Sa.
Retryw: Poszind=0
OH IMT #1111 GOTO Leranok
DISP “WAITIMG OM LORHM-=C
ENTER {1 BINT HOFORMAT;Pozdat .y,
CARD EHRELE (1
EMRELE
Waitl: GOTO Wainl
Loranok :OFF IMT #ll
PRIMT Posdatsiy)
CALL LarttonmgiPosind,Pozdat$isd, Goadata, M, Yoy
IF kondata THEH MIONE Muxum,Wwy
IF NOT koodata THEH Retry
Readw: PRIMT LIMC2),"Program 3tamding b for test"
PRINT "PRES33 CONTIHUE TO 3TART TEST",LIMCEN

BEEP

DISP "STANMDIMG BY FOR TEST"
PAUSE

ENRBLE

IF MOT Moloran THEM GOIUE Loran:

ON INT #3 GQTO Senint

CONTROL MASK 3;123

] SRRttt N AR TR LGS it B bR
FOR Minal T3 Runtime

MindatS{Minyan

SET TIMEQUT 24 1m0

QUTPUT Scngy*TD"

ENTER SeniTinesiMin, g

PRINT "3TART QF TEIT MIMUTE "giMisg™ a7

QUTPUT Sen: "ARAFLIHELIACLAELTIISED LY

Secdatsi{Minda""
FOR Ssec=1 TQ 89

“tTraeEiMin, A
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CARD EMRELE =
Wait: GOTQ Waitr
Y P PP L P E PR RSP EE R E R R
Senint i 3TATUES Sonms
IF $=72 THEH Contl
GOSUB Timour
GOTI Contd
Contl: FOR K=1 TO 4
DUTPUT Duvmy " T3
EMTER Duwm MOIFOEMAT;Sdatd
SecdatS(Miny=Secdar I Minrksdars
NEXT K
IF 32¢ MOD 2=9 THEM
QUTPUT Cterdg "IN
QUTPUT a2 "IN
EL3E
QUTFUT Crrij"FME"
QUTPUT CuLerZ;"FH2"
END IF
ENTER CrrljRpmdarsiMinm,Secill;2l]
EMTER LCrrliRpndatsiMin,Ssc2s(22,421]
IF Sec MID 4=9 THEM EEEF
IF Sec MDD {5=3 THEMN Gettime
GOTO LCont3
|
GettimesQUTPUT Seny"TD"
EMTER SenjTimasiMin, Ses 1S
PRINT TimeSscMin,3sc 158, STRATUS QK"
! OUTPUT Sun;*DLL"
! EMTER ScmiDigdat$cMin,Sec, 150
{ QUTPUT Seng"DL2"
! EMTER Seni;Ddat as
| Digdat$iMin,$ec/1S5s=Digdat Euilin,Sec 190%Ddar ¥
IF S2cds8y THEM Cont3
QUTPUT Scni"TIWARAFSALLLIACSREL"
FOR K={ T 7
QUTPUT Dumi"T3"
ENTER Dum MNOFORMAT;Mdaty
Mindat$iMini=MindarFiMimikndar$

NEXT K
Cont3: NEXT Sec
NEXT Min

QFF IMT #11t

OFF IMT #3

DISABLE

QUTPUT Scn;“TD"

ENTER 3¢cniTds .

PRINT "“EHD OF TEST AT ",Tds,LINL:

[F NOT Noloran THEN PEM

1 e e i ke et ks = ot e e ot e s

GOSUB Dizkar

BEEP

IMPUT "Do yvou want to PRINT dara?' A

IF RSCY, 1 1="%" THEM CALL Datani Holoran
INPUT "Deo vou wish to take2 mors data" RS

IF RA$CL,13a"y" THEMN Init
SUBEXIT
I ¥4 ¥ 3433544t i¥ddrrrs ittt eiiatinss




H=39) R CERRN=54 OR

2ot e

- I . g e £ e T T R TN TR T
= 2250 Diskats! SUBRIUTINE WHICH STORES DATA GH 3#3%S DITES
J 2389 I THQ COPLIES OF THE DATA ARE RCCORDED
W 2379 ! EACH WITH CHECK READ EHRMELET
e 28309 SERIAL
R 2399 Filoounn=Filoount+l
) 2980 Inent: |
29190 Filals="SES " YALSCF i Tomunt 5" s HY , 9, 9"
29329 Filag2s=s"SE3 "4 VWAL CFileount s i1y, 9, 1"
2939 PeszindsPosind-1
2949 IF Noloran THEH Posind=n
2959 OM ERROR GOTO Erry )
2950 Morerd=IHTC RN imes 3918 +Fosind=0230 2295+50
2979 TryagniCREATE Filels,Horcrd
2930 CREATE Fila2s,Norcrd
2999 PRINT "FILEMAME I3 “SES"iFilcount;"” "
39099 ASSIGM #1 TO Filels,Ret
3919 ASSIGN #2 T2 Filels$,Retl
3020 IF Reevd DR Rer) THEM Filerr
3030 CHECK RERD #1
3949 CHECK REFRD #2
39%9 REDIM PosdatscsPozing)
30849 PRINT #L1;Runtime, Timebi«>
3970 PRINT #133qudarsis)
30389 PRINT #ljMindat <)
3099 IF MOT Moloran THEN PRIMT #liPozind,Posdas¥isy
3199 PRIMT #1;Digdavsisy
a 3119 PRIMT #i;Rpmdatsis),EMND
3 3120 PRINT #1;EMD
- 3138 PRINT #2;Runtiwme, Tinesi=o
! 31409 PRINT #2;Secdatsd*
s 3150 PRINT #Z;Mindatsi#)
N 31549 IF NOT Moloran THEH FRIMT #2iPozimd,Posdatfixy
! 3170 PRIMNT #2;Digdars i+l
2 31809 PRINT #2;rpmdatsis)
& 3199 PRIMT #2;EMD
. 3200 PROTECT Filal¥§,"3ES"
X 3219 PROTECT Filals,"3E3"
32 RA33IGM #1 TO =«
3230 ASSICM #2 TO =»
f- 3249 QFF ERROR
3 32%9 RETURM '
3 3250 Errt': [F CERRMa3D) NR CEREMN=S83: 0OR <ERRN=ZS) IR (ERR
X (ERRN=54> THEN Cont$
3 3279 DISP ERRMS
‘ 32389 WRIT S99
8 3299 PRIMT "ERROR MAY EBE RECOWERHABLE"
. 3399 BEEP .
L' 3319 INPUT DO YOU WAMT T CONMTIMUE <Y H)",AS
* 3320 IF A$Cl,11="%" THEM Redw
3 3330 PRINT “DRTR FROM THIZ RUH LJ3T"
- 3340 RETURN
p- 33%9 ContS: [F ERRM<C>3R THEN Lonts
1 33¢Q PRINT "Deor wpen, chsck arnd push conmtinue”
3 3379 BEEP
3330 PRUSE
- 3390 GOTO Rapeat
. 3400 Conts: IF ERRNX 33 THEN ContT
9 3419 PRINT "Media writs protsItad, corrsat and puih
3 3429 BEEP
- 3439 PRUSE
.

[
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3449
3459
3459
3479
3439
3439
3599
3951
3829
3530
3549
3559
3569
3579
3539
3599
3600
3519
3829
38639
3640
3859
3559
3579
3839
3530
3700
3°1e
3729
3739
3740
3799
3750
3TV
3V3a
3799
3899
3319
3829
3839
3849
3859
3380
387
3830
3399
3999
3919
392K
3939
39409
3930
3949
397
3989
3999
4999
4919
4929

Cont T

(¢
[}
p=d
-
<*
w
=

Cont9:

Cont i

Rapeat:

Redos

Filerr:

Retrnl:
Errl:
Errd:
Timouts

Loranc:

SUB DatanluiMoloran?

——y w Y aa \Aiinry i ol
\ T L uai - dadn So i e Arinh anas Lale /uafing b dte B baunl gL B ) - B
e Al e e see s we Seves AR At i e e " s - PR . E .

JF Goodatra THEN DRAW Hxi, Yyu

GOTO Repsat

IF ERRM< 35 THEN Caontd

PRINT “"Mat inmitializsed, imzsrt icmitialized dizk and push conninue”
EEEP

FRUSE

GOTO Repwat

IF ERRM< »3% THEN Cont?

FRINT "Check read grror, ey a roew dishk,
BEEP

PRUSE

GOTO Repsar

IF ERRM< 254 THEH Contlw

PRINT "Dut of room on Jdizk"

PRIMT "Ingert a ngw pair of dizes and push continue”

BEEP

PRUSE

FilcountaFilcoaunt+t ?
Posind=Posind+1

GOTO Incne

IF ERRL=23SQ THEH 2%
IF ERFRL=227TY THEMH 249
[F ERRL>=301% THEHN 2
[F ERRL>=23%0 THEH I«
|

PURGE Filsls

PUPGE Filwe2$

GOTO Tryagn

IF Retl THEHW Ratrmi
OH Ret® GATY Errl,Er

OM Ret! GOTD Errl,Errg

PRIMNT "File could nort ba founrd om disk®

GO0TO Redo :

IF MNOT TIME QUTCE, THEH RETUSH

PRINT "A rimeaut oceurrsd durimg an gt peut o oenter apsration®
PRINT "THIS WILL RESULY IH LO33E OF SOME DATA
BEEF

RETURH

CALL LatlargiPosind,PozdatEi*), Goodata il Youd

‘¢

psh continug when ready!

Pesind=Fusind+1

ON INT #1111,V GOSUE Loranc:

ENTER 11 BINT MUFORMAT;Pozdatd Posingd
CRARD ENRBLE 11t

RETURM

SUBEND

|

| #etétitddtiriosttsfoscritsiiiitne
PTHIS I3 SUBPRNIGRAM “Datan!" WHICH COMYERTSE
! AMD PRINTS DRATH FOR 3E3 TE:IT:

' THIS PROGRAM I3 A CONTIHUATIOH OF
|

|

Se3r3t" AMD
RETURNS T THRT PRIOGRAM WHEM THRIIJGH

!
QPTIQN BASE 1
INTEGER Posind,Runtims,Tins

CAM Scn, DumySum, Strl Drel Pl e Pon Dain, dmar vain, Vo, IMTESER Filcau
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! ne
" 4038 COM Timedosr, Secdar PO+, Mirndar Fro#0 4
- 4048 COM Poszdat €0+ Dygdandi«y Fpadarbo<:
49%90 DIM Secdav -0 Mirdaro?o
40859 | #¥%sddsddfdrtrsrsoisirsssidissinn
: 4979 Filag="2E2" 4 WALE Py tcount 2 s R
1 48309 ASSIGH #) T Filg¥d,Rer,"sES"
b 4999 IF Reat THEM Filarr
Wi 4189 IF TYP(O1)<>S THEH Err:3
Moo 4110 READ M1;RuNLIing
b 4120 DM EMD #1 GOTO Err3
L 4130 MAT READ #1;TimeSilelunting,dt4)
' 41409 MAT RERD #ijSecdatSiRuntime’ . “
41509 MAT READ #i;MindarSCRunt el §
b 41509 IF Moloran THEN 3kip
o 41709 IF TYPC13<>3 THEMN Err3
i 4130 Ind: READ #13Fuosind
f@ 4199 MAT NERD #liPozdatFvltFozimd)
" 4209 Skip: MAT RERAD #liDigdat FiRumt g, 42
m 4219 MRT READ #l;Rpmdat T Runt 1mg 800
b 229 OFF END #1
v, 230 IF TYPXL5<>3 THEH Erri
L 4240 Mz PRINT LINLL) ("What data do wou want o look at?"
N 4259 PRIMT " Analoyg data taksn gach zecond = LY
gf 4259 PRINT " Aralog dara vaken wackh mirmate = 2"
| 4av PRINT * Posivion data = 3"
L 4239 PRIMT * Torque Jdata 2ach 1S s2c0mda = 4Y
& 4280 PRINT REM data taksn sach sscwed = 8
- 43199 PRIMNT " Hors, ratuare no main progran = 6%, LIMOL)
3 4319 IMPUT "EMTER MUMBER OF YIOUR CHOIZE", Cods
> 4329 PRIMT Codes"ENTERED",LIM. 1L
H 4330 ON ERROR 50TD HMenu
y 4340 OM Code GOTO Bec,Min,Pos,Tor,Rpm, Exin
4350 DFF ERROR
4350 Sec: ! Sacond dara convgrsion
4370 Nuer: INPUT “EMTER MIMUTE “%0OU WAMT DRATA FOR",Time
3 43389 IF (Time>Runtimed OR (Timel{=0) THEM Over
E $399 PRINT "Minute";Tine ’
4400 PRINT "DRATH FROM "sTimsd Time Q23" T “:Time3iTime,$)
4410 CALL Unpk58cSscdatSiTime.,, Sacdat (3
& 4429 FRINT LINCZ), "AMALDS DATA THEEH EACH SECOMDY, LIMILY
% 4439 PRINT “%AW AMGLE YHW RSTE RUMIER AMGLE Tiau
- LINE FQRCE"
. 4440 FRIMT " degree: drgres s e degress
t pounds",LIN(L)
4480 DEG }
. 4489 FOR I=93 TQ %9 |
g 4479 Aa==-4,237+3ecdat (451+30+13, 439 |
g 4439 RanglaaR+ACS IR VL R+Har S0 L B=~A3, 20,3380 0 =54,79 |
. 4431 PRINT Secdat (4+1+1043S~, 3843 T, 3acdan (341 +20+24-2, 214833, Rangle,S2:ds
& (4l +4) |
. 4599 NEXT I :
. 4519 GOTO Menu
4520 Min: I Minute data conuersion
) 4330 Quertl: INPUT "ENTER MINUTE w20 WAMT DATA FOR", Tims
- 4549 [F (TimesRuntime) OR (Timew =y THEH Duwerl
Lj 4330 PRINT "Minute";Tinw
) +589 PRINT "DRTR FOR ";Times Time,<>
: 43570 CALL UnpkSeiMindatdiTime>  Mindat sty
]
£
t B-10
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FRINT LINCS», "AMALXG DATA TAKEN £3IH MINMUTE
B 4539 PRINT "Cuzhion preszurs fud = ":ﬂshuaf‘13+2
; 45049 PRIMT "Cuzhiar prezzurs af't = "iMindanili<g
1 4519 PRINT “Fud 223l prezsuri = "iMindaniasd
= 4528 FRIMT "Aft 324l preszurs = ";Hinda,'4ﬁ*2
- 4534 PRIMT "thnd dircction = "yMimdariSisl
1 4g49 PRIMT "Wirmd zpesd = "sMindartioir+d
. 48359 PRINT "Pinch angls s "yMinmdat(Vren
: 4580 S0TO Maenu
; 4878 Poz: . ! Position dava
o 4839 [F Moloran THEH Posind=9
P 4830 PRINT "A total aof "iPosind;® position dat:
L 4708 Pointst IMNPUT “FIRST AMD LAST FPOINT 3F DATAY,Firs
P 478 IF (First>Laszty OR wLazr:Poszindy OF (First<
5 4720 FOR I=First T Lazt
Fj 4739 PRINT LIMCLD,"Position point ro "3 I, LIHAL)
) 4748 PRIMT Pozdat$(li
4759 NEXT 1
4769 GOTO Menu
4770 Tor: I Digital dara conwersion
4730 Ouerd: [HPUT "EMTER MIMUTE %0OU WAMT DATH FDF",Time
4730 IF {Time Runtimer QR Timaw=0s THEH Jugrl
43910 PRIMT "Minute";Tims
4319 FRIMNT “DATH FROM “3TimescTime,Lo;" T ":1Tim
4329 FRIMT LIMuZy,"TORGUE DATA TAKEHN EVERY 1‘ SE
4330 PRINT " STED TORGUE FORT TORGLE",LI
4349 FOR I={ TD 4
4258 FRINT TRAEBcS» DiglarsiTimne,Is0L;2],TRECZS),D
4389 MEXT 1
4379 GOTO Menu
4389 Rpnm: I Rpm dava convarszion
1 +38990 Quer3: INPUT “ENTER MIMUTE YOU WANT DATH FOR“,Timsg
A 4989 IF (TimeiRuntimes OR LTimet=83 THEH Quwsr3
;_ 4919 PRIMT “DATA FROM ";TiwesuTineg,90;" TO "sTim
. 4929 PRIMT LIMCEY,"RPM DATAH TARKEHN ERCH SECONDY,L
Y. 4338 PRIMT “SHAFT ! RPM"; TAEC 210" DELAY"3TAEZ 49
% DELAY",LINCZ)
E 4931 Augdel ayl=Aygds ] ap=y
) 4340 FOR I=1 TiJ 80 )
- 4341 EMTER Rpmdar$oTimg, s USING “#,F":fpml
= 4988 IF Rpmdat$cTime,101,112"F" THEMNM
9 4981 PRINT Rpmi+2Q; TABL 4D jRpnI+5y)
‘ 49252 ELSE
i 4363 “PRIMT TRABCZU);Rpml i TABSD ) ;Rpmd
' 4584 Augdel avl=Avgdelayl +Rpml /29
3 49653 Rvgdelay2=Ruvgdel apld+Rpnd -39
s 4979 END IF
5099 NEXT I
SQv1 PRIMT LINCIY, "Aug delay" i TRENZY jAngdalant T
g S9014Q GOTO Mznu
| SOZ8 Err3: DISP "Incorrect data tups found"
1 Sa39 WRIT 30wy
5949 SUBEXIT
\ 5989 FilerriON Re2t 30TD Erri,Errd
4 SUSY Errl:  FPRINT “"File could not be fownd on dizk"
} SOV0 Errl: PRINT “RETURM YRRIRBLE = ";Rst
b, SOSY Exit: SUBEND
4 S9099 |
! 100 !
9 S11Q !

EENPUR S U NN

e tm b hae RSt e A LA .M. A W e s T . v bE Ll beele . o=

L IHTL
T3 opsiagt
e psid"
St opzidt
LT3 pEiagt
99" Degress rel
23" MPH"
3" Degress”

peints were taken

L-ﬁ.—la
gy THEM Points

SECTime, 47
COHDS",LIMC L)
Hetld

igaat®iTime, [007;

25 CTime, 4D
THE LS

JH1"SHRFT 2 RPM";

JPpnd

ative"

TyLIMOLY

TAE(GL )"

BugdlAugdslayd




- 120 SUB UnphkSEclnd, Qutds3) | 3335-45 REY. A £/23/%59
A 5139 |

S14Q INTESER M,J,1,E1,E2,B3, B4

SIS0 M=LEM(InmE

159 J=9 | DO THE UHPALCK

SI{F@ FOR I=1 TO M 3TEP <
5139 J=J+t

$199 BlaMUMCIn${I1

S29W  BEsMHUMCINSCI+llX
210 EBE3=MUMIINSCI+21)
S280 B4=NUMCInSCI+31D

QUOOL*«BIMNANDCER, 19+, 0OBDIL*SHIFTCES, 30+, 3099981 #EINANDCE4, 150
52590 MEMT I

Y
.'-'..“
i
(3N
b
1
N
.
[
i
b
i
Q‘.
LI
Fo
o

'S@30 Out{JIa, 1#BITNEL, Qi+, QL+ SHIFT B2, 4+, 0L sBINANDIEZ, 1S+, BOBL#SHIFT(EZ, 40+,

$248  Qut<Id=duLCI)#(1=2#BITCEL, 12010~ CC1=24BITIE1,72 #3HIFTCBINANDCEL, 124,207

S268 SUBEND
5279 !
5239 !
S298 !
S389 SUE LatlengCINTESER Fozind,Pozdarsis),REAL Goodatz, ¥,
53149 | 4444443433400 F 8N ma b bR htnd
53290 ITHIS IS SUEBFROGEAM “Latvorg” WHICH
5339 I COMYERTS DATA FRIOM THE LORAN-C T HUMEBERS WHICH
S340 ' CAN BE PLOTTED,.
5339 ! THIS PRDGRAM 13 CRALLED BY SUEFROGRAM "Szzten”
5380 I AND RETURME TO THAT FROGEAM WHEM DIOHE.
$370 ] R34 FS AT A SRS R RS
5339 ‘ ]
$3%9 J=3
S489 Goodatas=i
2 S410 FOR I=S0 TQ 22
3 543290 IF Posdat$iPoz ndi(l;S1="FOSITION" THEH J=I+3
3 5439 [F J<»8 THEM Cant
S449 NEXT 1
B S459 Goodat asy
& S489 SUBERIT
' S479 Cont: Ji=H
& S4389 FOR 1= T 20
g S43%9 IF (Posdat$ifosindi (J+1;115="9"% AND (PosdatFiPosinds (i3, T
1 HEN Ji=1+J .
" 5509 IF J1i<>® THEM Contl
! SS1e NEXT I
- 5520 Goodat a=d
1 3539 SUBENIT
( 3549 Conmtl: K=J1
- . S539 GOSUB Checkwval
o S3589 IF MOT Goodarx THEM SUBEWIT
& SSvea YaVAL(Posdat $0P0sina) (K 210 +YALCFosdarn SV Pasind) (K+3351) -89
» 5580 J2=9
& 3559 FOR [=9) T 29
‘ 35809 IF PDSd&t-f(‘P-J‘s‘indfﬁ'C.IL+{_:1]:"“" THEH Jo=I+J1
.. 5619 IF J2<>Q THEM Cont2
# 552« NEXT 1
L S839 Goodat azi)
a8 S840 SUBEXRIT
o 5638 Contl: J3=9
- S889 FOR [29 TQ 2¢
rf S&v IF (Posdacd(Fosind IS+l tlrs"30Y AND DR AN 0 ERNCT- DR S- 278 PN U I L
THEN J3=3l+J2
{
3 B-12
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! S&53u IF J3<>0 THEH Conts

T 5839 MEST I

a S7TRY Boodatasy
i sTie SUBEXIT

- 5720 Cont3: K=I3

L 30 30SUE Checkual

1 sree IF NOT Soodsta THEM SUEBELIT

2 S7¥S9 RWALCFozdar Pz i ndy Chy 2o +YALCFozdarsdFosind  (R+33310 /789
o Va9 SUBENMIT

o ST78 Checkual:iGondar asl

" 57809 ON ZRROR GOTD Badata

T 85799 Dunmu="YAL{Posdar $iPosindi K 2l)

) S840 Dummys¥YALPosdar $iPesinds (K+3;51)
E $38.9 RETURM

¥ . 5329 Badara:dFF ERROR

B 5339 Goodat a=9

: 5849 IF ERRN<{»32 THEM Error

$354 RETURM

; 5359 Error: DISP “"ERRME"

X 5379 WRIT <anyg

- 5889 RETURM

: $3%4 SUBEND
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COMMENTS ON PROGRAM "ZIGZAG"

This progrm was used to read yaw angle and rudder angle data from a
floppy disk. It reads the data in the format used by the main test program
SES to store it during the test.

The ZIGZAG program converts this data to the proper x,y coordinate form
‘and stores three curves in file PLTDAT for use by the PLOTER program. These
three curves in order are yaw angle vs. time, rudder angie vs. time, and

displacement from base course vs. time. This latter curve is stored for only
the first 120 seconds.

The program also calculates and prints the predicted latitude and
longitude coordinates which result from moving in increments along the curve
and calculating the next p01nt based on speed  and heading angle. Since the
speed of the vessel changes in a turn, a factor, Ky in line 920 is provided
as a multiplier for ship speed. This factor can be used to adjust predicted
latitude-longitude coordinates to agree with the actual values measured. This
is necessary to generate an accurate displacement off the base course also.

The rudder angle calculation in lines 490-500 depends on the test
configuration of the transducer. See Appendix E for a further discussion.

The program uses the first time (after 20 seconds) that the rudder angle

exceeds 5 degrees as the execute time., Until this time the displacement off
the base course is held at zero.

The yaw angle is averaged for an integral number of periods beginning

with the first zero crossing after 60 seconds and running to the last full
period prior to the end of the data.

The scale for displacement off the base course is expanded by 20 times.
Therefore the plotted values can be disp]ayed on the same scale as the yaw and
rudder angle. For an angle scale running from -30 degrees to +30 degrees the
displacement value scale should run from -1.5 to +1.5 ship lengths.,
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A 19 Uosss MAIM PROGRAM "ZIGIRG" =3+
. 29 ]
38 PRIMTER I3 3,23
L 49 OPTIOH BARZE |
) 59 COM Pre, INTEGER Filcount
g 513 ZOM r1m-.\1-1u Brdalinl, Secdardnldr,(2e9]
] ) Prt=323
:, 39 Filegs [MPUT "WHICH FILE <SEZO1,3E328,.5",Filas
ﬁé 29 UM ERRIJR GQTD Filse
S 109 Filoount=¥AL(Fi =304
b 119 OFF ERROR
L 129 Noloran=1
139 CALL DatanliMolaran)
149 EMD
. 159 | SUFFUFLIRFSTELER S EF A F SRS SRS FSE
] 164 !
{ 139 !
2 159 SUB DatanliMolaran
% 291 |
. 219 OPTION BAZE |
229 INTEGEFR FPosind,Runtims, Tinz,Lat,Lormg,TL, T2, Ha
239 COM Prt, INTEGER Filcount
‘ 249 COM Timedisr,Sacdar s
L 254 DIM Secdat o 40i, Mimdan tg
b z2¢0 DIM Sdat1(509),5dan3(0: 5987
! avy DIM SdarZicand,Sdardunisig)
- 289 | SHBRAAREFXLERLN SISt e RN St
& 299 Files=s"SES"4YALTLFilcount p&"sHTY
- 309 ASSIGH #1 T3 File$ , Rer, "3E3H
? 319 IF Ret THEM Filgrpr
1 29 N1=9
" 330 IF TYP{13<:5 THEN Erri
¥ 349 RERD #1;Runtime
- 359 INPUT “MINUTES OF DRTA TO PLOT",Hn
- sy IF MarRuntime THEHN HuwsRurnt imne
] 379 IF Mm<=@ THEN S3TOF
339 Noptsz=Nms£9
g 399 “ OM EMD #1 GOTO Errd
n 499 MAT READ #1;TimesileRuntime, B4y
% +19 MAT RERD #ljSecdats Runtimg)
- 420 DEG
- 439 FOR Minal TJ Runtime-|1
L‘ 449 CALL WrpkSeolecdatEbuMing, Secdat =i
- 459 FOR Sgu=3 TN 59
. 453 I=\N1n 1)#8+3Sec+l
479 Sdarticls=SecdarcdsSz+10235
439 IF CABSC3das lul»>30) AND «3dzt 1l THEM
+Sdat 1>
;‘ 439 Ras-g2, 731857 =32cdatodsSag+Ia+19%,379
o, S99 Sdat I =2 AR IR LS, IS AT S0 LA, DS -RyD
[ 543
: St MEXT 3=
- 329 MEXT Min
! 539 PURGE "“PLTDRT"
3 S49 CREATE "PLTDAT", 1S3
{ S50 RASSIGM =2 TO “PLTIAT"
[ 589 PRINT #2;Mapts
. 3T AugsSgat Lt
!
3
L
:
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Lot o0 Sa g

T
R
-l

vy

o

1999
1919
1929
1939
1943
1959
1054
197
19819
1999
1199
1119
1129
L1139
1149
1159
N

Mxt:

i gy oy T AT R a W W

FOR I=1 T2 Haptz
Sdarlilr=SdantyIr-Aog

MEMT I

FOR I=20 T Hopt:

IF SoHvSgdas i o= 30eSdan o= THEH
Ti=1
GOTO M
END IF
MERT I
J=1

FOR I=Ti+1 T Mopts
IF 35GHeSdat Lol o3 M Sdarlcl=-10) THEM J=J+1
IF J MOD 2=9 THEH T2=l
MEXT 1
Ryg=4
FOR I=T!{ TO T2
Auwg=Avg+3dariil)
MNEXT 1
Aug=Rug (TZ=T1)
FOR I={ T Hopts
Sdatiilr=ssdan i li-Aug
PRIMT #2;I,%2dasticls
MERT 1
PRIMT B23Mapts
FOR I=t{ T Heopts
PRIMT ®#2;I,3daracln
MEXT 1
Ni=12g
PRINT #2;M1
IMPUT “3pecd in Kra",3p2sd
Sperd=Speadsl. 839 ! FT/ZEC
Sdat3(r=3dat 4=y
IMPIT “3SHIP LEMGSTH wFts", Lergth
Lenzlengths29 1 3cals o Yeloa L-29
Kai RS
Dispmaxsy
Dispmin=y
[={
REPEATY
Sdat3vr=y
.ad.afnh [raSdandn [=10+Tnngd sk

Seale For angles

[F I<=120 THEM PRINT #&Lsl,3aarnil,
I=I+1
UNTIL CABS<3dat 21039y AND v 1290
TO=I~1
REPEHT

Sdat30Ir=3dar 30~y efpaedssINOSdan Lol yyek

Sdat sy I\a dar+ i l-lr+Speedsl0503dan (oK

[F 3aar3(lnrs D1spmax THEM Dispmax=3danIoly

[F Sdat3¢I2:Drapmin THEM Dispminzsdan il

IF (=120 THEM FRIMT #i;l,3dar3clo-Lan

[=I+t
UMTIL [>Hoprts
INPUT "Initial Lat=Lang Dag=Mim",La%d,Latn,Longd.Lanam
INPUT “Base Courss Deg", laourzs ' ) )
LatQ=Latd+Latm 2
Fact=CO03(Latd
FRINT PRGE,"Tiﬁ\i Latitide L'Jn‘;ift'.‘di'".LI
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- 1180 F3R I=1 7O Hopts
. 1t EetasCourss-ATHOSdat 3 Do Sdan 3000
. 1128 L=3dar40 oo isiConres-EBat sl
e 1139 Lat=ilatm+L=C030Earar 2073 =129
1299 Long=clamgm=L-3IH S5arals VFacteSQ?d) " =10y
) 1219 [F Lat 20909 THEH
Y 220 Latd=Latd+Lat DIV £a90
1 1238 Lav=Lat MOD £999
£ 1249 Latm=Latm-59
¢ 1250 END IF
‘ 1289 IF Longre0ed T ~H
. 1279 ‘ Larmgd=Lan, s+tlong DIV £999
B 238 Long=Lomg MOD S0300
u 1299 Longm=sLongm=~ga
1300 END IF
13190 Minus: IF Lat<p THEHN
1329 Latd=Lar d-1
: 1330 Lat=Lat+5099
F 1349 Latm=Latn+sy
1 1359 SOTD Minus
P 1350 EMD IF
i 1379 Minuzl: [F Lormg49d THEH
(- 1339 Longd=Longd-1
- 1399 ° Long=Lorng+Ssand
. 149y Longm=Lisngm+ 50
Yy 1410 GATY Miruszl
bt 1420 EMD IF
: 1439 Latmli=Lat/ 150
h 1440 Longmi=sLongs 199
14350 [F I MOD <=9 THEM FPRINT I,Latdjlasmi,lLomgd;lorngmnt
1489 HENT I
1470 PRIMT LIMaty,"Matinum Dizglacement ="3Dizpmax, "Miminum Dizplacemnsn
t 3"35Dispnin
143K PRIMT LIHCLY "EXECUTE TINME I35 ";TW
1499 SUBEXIT
1599 Err2: DIBP "Inzarrsct Jdata tups foumd”;
1519 WRIT 39
13529 SUBEXIT ‘
1539 Filerr:. OQOH R2t GOTC Errml,Errd
1549 Ernrt: PRIMT "Filg could not bs found on Jizsk"
. 1559 Errd: PRINT "RETURN YHRRIAELE = "“;Ret
. 1589 Exit:tSUBEND
3 1579
f; 1589 !
: 1559 !
4 18909 SUB UnpkSeiInd, Lur sl ! 2BAS.43  REM., R =Ss23-39
- 1ste !
[ 1620 INTEGER M,J,1,B1,B2,B3,E54
X 1639 N=LENCIn$> .
. 1549 J=9 | DO THE UHPACK
s {859 FOR I=1 TO M 3TEF +
.+ 18680 J=J+1
' 37 Bi=NUML ASCI1
E' 1s8¢Q BR=aMUMIINSCI+L2
b 18399 B33MUMCInsLI+2]0
A 17908 BaNUMCINSLI+31)
} {v19 Qut (o=, L=BITCEL (D Dl =3HIFT BS, 20+, Q0 =2 IHAND OS2, LS, )L <
\ SHIFT(3S, 3+, Q0CQL+3INANDUEE, 1S V= Q3300 = 3H[FT B4, 40+, 00ddd0l =2 IHANDCSS, 1S5
Y 1va Dut (T =Qun KT ) (1 =230 8L, el =T 2L, Do 3HIET T IMNAN
J £-19
r - i - -
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< D{B1,124>,21)
£ 1730 MEXT I
1749 SUBEND

DO T T O S A O W,



- 73

S /- ARSI - S

v Ty

M At 4

Pmcun S o <ot

= ay P U O S . A -

e e Pt s T —— e -
3 Lot ORI A S APl i 4 PSR e S s Mndie dnas ) - e e e e i e B RS

COMMENTS ON PROGRAM “PLOTEZR™

This is a general purpose rectangular coordinate plotting routine
developed by LCOR GOOCWIN at the R&D Center. It can be used to plot data
entered from the keyboard of the computer or from a stored data file, PLTDAT,

stored as:
No. of Points
One (x,y) pair must be

included for each of the
number of points specified

x x X
<Kk«

This file must be named "PLTDAT" and must be on mass storage unit :H7

‘which is a floppy disk.

The limits of the plotting area and other information are requested of
the user as the program proceeds. An information block can be positioned in
any of the four corners of the plot or be left out. Two l1ines of title are
allowed. The vertical axis can be positioned on the right, in the middle, on
the left or on both sides of the plot.
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ﬁ 19 THISZ 13 FROGRSM "FLOTESR", A GEHERAL RECTAHGULAR
et 29 COORDIMATE FLOTTIMIG ROUTINE FOR 4 RAMD ¥ WALUES.

LT Iﬁ‘.":v?v: Ty,

r
r

£
K, .
r

: 4

> ¢ v -r X -
M < GRS

—ETTEVYTY

Rioe SRR e S b S

!

!
38 b UP TO S CURWES CHAH EBE PLOTTED 0OH JHE GREAFRH.
49 !
1) ! %% MAIM PROGCEAN ===
50 !
) COM MmingBmas farr, dman bsfe;.ulr..-reﬂun1f Hitep,vYeten, S
30 OIM Lingidedo,LingzymdiSillL]
[alh? |

Plotter=305
] PLOTTER I35 3,5,"%372R" .

129 DISP "Put papsr on ploctsr, FUSH CONT®
139 PRAUSE )
149 LIMIT 9,272.5,8,215
1Se LINE TYPE 4,4
189 FRAME! 3.S K 11 CUT LIMNE
170 LINE TYPE |
80 LIMIT 25,25%5,2%, 199! Sersz plorting arda limits
159 FRAME! Dutling the plotring arsa
219 FRAME
219 LOCATE 22,117,12,2891 'S¢t zcaling limivs for plor
228 CLIP 21,113,11,35
239 CALL ers
249 CALL Label_ticks
258 CALL Label_axesiHED
280 CALL Titla
av CALL Info_blockilimsidosd, Humlines, 3pabol s, Linssymscsl, Barchy )
271 CLIP 23,117,12,283
230 Repeat:IMFPUT “"DATA FROM JFILE® QR <HEYERD:", BS
2%9 IF (BELIFILE" 2 AMD «EBE- :“"KEVELD") THEH Rsp=at
309 IF Bs="FILE" THEM CALL Datafilzolingidd=J,Humlins Bgmbuls LimgswmEi*n)
3la IF Be="KEVERD" THEM CALL Datasn ?r“'Llnwld'*',Hum]1 35, Symbold, LingzymEd
#), Barcht
329 INPUT “Do wou want 3 label ploe?" ES
339 IF Bsli,11="%" THEM CALL Labels
349 FEN 9
3518 QUTPUT Platter; "IN
388 END
379 ! '
389 SUB Ax=es
399 !
490 COM Wmin,¥nax, 'mingYean,Hacepunit Yerespunit Herep, Y2t ep, AE
419 ! .
429 RE="_LEFT"
430 INPUT "DuUAL YERT. ANES: DESIRED?",EBS
449 IF BRLL, 130" THEN Rrawis
459 A$="BOTH"
450 GOTO Mewlimits
470 Rtaxis: IMPUT "RIGHT HAMD RHES DESI[RED",ES
439 [F BsC1l,1)=""" THEH AF="RIGHT"
+99 IF A$="RIGHT" THEM Msulimits
590 Craxi13: [NRUT “CEMTER HHES DEIIFED“,Sf
sl IF 3501, 13="%" THEMN RE="CENTER"
$29 !
839 Newlimitss INPUT "Min "X goardinate”, dain
549 INPUT "Max “N7 coardinate",idmax
5Se INPUT "Min V7 coordinata",min
%89 INPUT "Max %7 coardimate”,Vmad
STQ CALL Check_TimitscZrror,Xmin, daaxYmin, Vmnax




a S39 IF Erraor>d THEM Hewlimint:z

X 39 |

o 5949 Lim=imin b Thiz gares of the peagram nedifizs
. PR IF Lim=% THEN Y1l:im U the minm armd fax liminv:s of the
- 520 BOZWE Inmtager_wal ! sz Foroa near plot

ﬂ: 539 Kmin=Linm

?; o413 Viim: Lim="nir

1 559 IF Lim=9 THEH Diff

) 881 GO3UB Integsr_uval

0 i Vo -

e -5 ‘minzlim

i 639 Niff: Linsdnax=Xnin

B 650 GOSUE Integer_wval

b 729 Ka’min+Lin

E 719 IF Xr=¥max THEM Caorrscts

. 729 Loopx: AR+l 1Y

b 739 IF ¥<Kmaxx THEH Leoopx

b P43 Corr2ctx: Xmax=i ¢

i; =L Lima¥Ymax="min

1 Ve GREUB Integsr_wal
) 779 Yatmin+Lim

a 789 IF ¥>='max THEH Corrscty
: 7989 Loopy: Y=Y¥+1/10

E S99 IF ¥<'max THEM Loapy

A 318 Corractyt “Ymax=Y¥

§
b

329 RW3iffmnax=-=min
! 838 - YAdifesYmax-"min
it 841 SCALE Mmingimax,vYming'Yaaxs
f 359 IF (BRMAHmindI=30GH Emaxsy OF Cdmin=@s OR (dmax=9) THEN
i %50 CALL Imtstepildiff,Ratep,dztepunit)
* sva ELSE
L 839 BALL Intstapliiman, 451, Haul0
¥ 8o CALL Intstepd-tmin,$sd, szl
; 999 KstepsMIMCAsl, a2
‘ f19 Kevzpunitadsul
.. 929 IF Matep=xHs2 THEN Hatzpunit=daul
s 939 END IF
? a4 IF 3G mima=3EHA Y manr 2 DR CWain=02 OF Ymax=d) THEH

%S0
989 ELSE

CALL Imtatapivdiff,Yatep,atepunit’

70 CALL Imtsrap i Wmax,Y3l,Yzul)
980 CALL Intstaepd=min,v32,%2ud)
999 : Ystep=MIMCYzL, Va2

1999 Ystepunit=¥sul

1210 IF ¥atep=¥s32 THEH Yitepunit=Wzul
19209 END IF

" -

. 1939 !

k- 1940 IF A$="BATH" THEM Bothaxes

' 1959 IF A$="RIGHT" THEHN R®axtes .
3 19809 [F A$="CENTER" THEMN LCtaxs:s

- 1979 Lfaxes: ANES Nitap,¥sta2p,dmin,Ymin
] 1988 SUBENIT

{ 1999 Rraxes: RANES Hatep,Y
2 1100 SUBEXIT

4 11189 Bothaxes:ANES
3 1129 ANES Rmax=Smin,Vatzp,dmax,Ymin
2 1133 SUBEXIT

i 1149 : ARES N3tep,Vstep,9,d

i 115 SUBENIT

& 189 !

ILEP, ABaL, TMinN

Natap,Vstap,dnin,'min

(@]
[ad
7
L]
[

b

3

4

3

A USRS PRSP I
M ok eml Lo eomess mhD et oA




~ - TN
LT o sk asi ogue siah sl AV AR IV i i hd T T -

A 1179
1139
1199
1209
1219
1220
1230
1249
: 1259
Q' 1269
| 1270
1289
1299
1399
1319
132

1330
1349
1350
1361
1370
1330
1390
1439
1410
1420
1439
1445
1459
1460
1470
1439
1499
1509
1519
1520
1530
1540
1550
_ 1558
5 1579
& 15380
- 1599
s 1500
o 15109
5 1820
r 1538
- 1541
d 1859
| 1889
{ 1679
o 1539
1599
1799
17t
3 1720
i 1739
2 1740
1759

ST ML R

o - LGaa
- 1 - Ty " -

Intzger_uval: ! SUBRCUTINE Intsger_wval
I[=1
Sign=.|

IF Lim-9 THEH Sign=-.1
Lim=AESILim
Check_ii:e:IF ClLime=12 AND cLimo 122 THEM Dons
IF Lim>»l THEH Toobig
=119
Lim=Lim#1®1
ROTO Check_zize

Toobig: I=I+10

Lim=Lims19
G0TO Check_zize
Done: IF IMTC(Limos<oLim THEHM

LimsINTO19=Lim2#I=3ign
IF Sigr<d THEH Lim=Lim+I#3ign

ELSE
Lim=IHT{IsLima#Ll3ign

END IF

RETURM

SUEBEMD

SUEB Check_limitsiBError,dl,4g, 1, v
]
Error=y -
IF ¥2rY1 THEN “rdifok
DISP “Ymax < Ymin"
WAIT 3999
GOTD Done
Yditok: [F X2>XL THEM SUBEXIT
DISP "Hmax « Xmin"
WARLT 3904

Donw2: Erroral
SUBEMD
!
SUB IntsataptDify,3raep,Srapunin
|
I=t

Step=Diff/ Lo .

IF INT(Steps,2 THEM Eignum
Loopl: I=1/19

Step=aStap+ld

IF INT(Step)i=9 THEMN Loopl
Bignum: IF INTC(Step2<19 THEH Caont
Loop2: I=10=]

Step=Step~-Lln

IF INTC(3tepr>=10 THEM Loopd
Cont: StepalMNT(Stsp)

[F (3Step=Ly OR <Step=220 IR W3Step=9, THEMN 0k
[F Step=3 THEM 3tap=2
[F (Srtap=ds QR OSrgp=d) OR (Ztep=sTr THEH frep=S
[F C5tap=3) OR w3rep=3: THEH Stzp=1i
Ok : Stepunit=3tep
StepsStep+l]
SUBEMD
!
SUB Label_ticks
1
COM Nmin,faa:, o, Yz dzrdpunis,Vinspunin, izt en, Ysnep, S
B.25




- TER SETGU
X 1776 UNCLIF
= 1729 MOYE 22,2.5
- 1799 SETUU
- 1399 WHERE i,
i 1310 IF ASC:“CENTER" THEM 3ize
£ 1329 MOYE 8,
'l 1839 SETSU
e 1349 WHERE .
"3 1359 MOYE X,v=3.%
b 1860 SETUL
i~ 1879 WHERE x,%
1889 Size: CSIZE 3,.5
1390 LORG ¢ -
{999 LDIR B
1910 LABEL WSIHIZ “K";Xmin
1529 Num_tic.s=IHT((%max—mmin)/%snep)
1930 IF Xstepunit=S THEN 3rtzpSi
1348 Mum _labels=Hum_ticks DIV S
1989 StepsHaitep-9
1389 GO0TO Contd
1978 3tepS1:  Mum_labs S=Hum_nicks DIYW 2
1939 Stapaistepsl
19%9 Contl: FOR J={ TO Hum_labelz
2099 SETUV
201t0 MOME H+J+Stap,v '
igan . IF CRE="CEMTER") AMD CAmineSyaps Il THEH Mar
2039 LABEL USING "K";Umin+Sseps] ’
2949 Maxt: HEKXT J
2059 IF AZ="RICHT" THEM Rtares
2989 LORS 7
2079 SETGU
2839 MOYE 29,12
2899 SETLU
2180 WHERE i,
2119 Flag=9
2129 IF A3 CENTER" THEM Labe)
2139 MOYE 9,V
2149 SETRUY
- 21359 - WHERE X,
- 2159 MOVE X-2,v
L. 2170 SETUUY
L 2189 WHERE i,
. 2199 SO0TO Labe)
bi 2200 Rtaxes: LORG
b 2219 SETGU
& 222 MOVE 119,12
[ 2239 SETUU
® {249 WHERE X,Y¥Y
& 2259 Flag=1
. 2250 Label:  LABEL USIMNG "K";'min
rf 2279 Num_nicks=INTﬁ(Tmax-?min}ﬁvstep)
. 2239 IF Ysvapunit=3 THEH Stepdl
R 2299 Hum_1abels=Num_ticks DIv =
(- 2309 StepsVsrap+s
e 2319 G0TO Conel
;f 2329 StepS2: Num_labels=Num_ticks DIw 2
{ 2339 Step=iatep+l
p - 2340 Contl: FOR J=1{ TO Mum_labels
3
“
B-26




- 2359 SETUY
“t 2389 MOWE A, W +3Step<]
vl 2379 IF ¢RrE="CENTER"» AHD cv¥maa+Ztap#l=00 THEH Hawnl
} 23359 LABEL LE2IME "K'ivmin+Steps]
2399 Mextl: MEWT J
2499 IF (Flag=w: AMD CRE="BITH") THEW Rt anes
2419 SUBEMD
K 24209 !
{ 2439 SUE Label_asesifs
2440 !
2459 DIM Hor_label3(291,%er_1abel1¥023]
i 24869 SETGU
vSo. 2479 C3IZ2E 4,.5
s 2439 LORG 5 _
2499 MOWE 70,6
2581 Hor _labels=""
2519 IHPUT "“i’ axiz labsgl",Hor_labzl¥
2529 LABEL USIMHG “"K";Hor Iabels
2539 IF AS="RIGHT" THEM Rtawes
2549 MOVE 18,59
2559 LORG <
2558 GOTO Label
25789 Rtaxes: MOVE 129,595
25389 LORG &
23579 Label: Wer_labels=""
2539 IMPUT "/%¥7 axiz label","er_labels
2619 LOIR 9,1
2528 LABEL USIMG “K"3%zr labels
2539 IF AS<>"BOTH" THEM SUEBEKIT
28449 MOYE 129,58
2659 LORG B
2680 LABEL WSIHG "K"j%er _label$
26879 SUBEND
2588 |
2899 SUB Title
2799 ! '
2710 DIM Plot_titlz2s0n0l
2729 SETGU
2739 LDIR 9
2749 " CSIZE 4,.5
2739 LORG
2750 MOVE 79,93
‘ ST Plot_titigs=""
27384 INPUT “Firas title ling",Plor_titlz$
1 2799 LABEL WSIMG "K";Plot_titleld
{ 23898 MOVE 73,99
¥ 2818 CSIZE 3,.5
. 2820 Plot_titlag=n®
. 2839 INPUT “Second titls Tire",Plon_titlses
- 340 LABEL WSIHG "K";Plot_niclszs
. 2359 SUBEND
b, 2389 !
- - 2379 SUB [nfo_blockilinsidusd Nunlinezs, Sombals, LingzymEi<)d, Bariht)
23589 !
S99 DIM Id_infos(19x(20]
2939 Ploteer=3i35
2919 Locat: INPUT “Info block location<UR, LR, UL, LL, HD>",Loas
. o320 [F Loz ®I3"MQ"Y ANMD CLoc®d - UR"y AND JLoacf i "LR"Y RAMND CLoe B "0
AND (Locss>"LL"Y THEM Locat
-
g
p B-27
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. 2939
j 2949
£ 2359
29519
2379
29389
2399
3999
3919
S0zZv
3939
3949
3958
3989
3070
39309
3099
3199
311w
3120
31318
3149
3189
3188
31T
- 3139
"1 3190
- 32909
& 3219
kv 3220

v 'ry:r‘;r—{'ﬁ‘—"".*""
L e s

g deet P~

x 3239
% 3240

ﬁ 259
) 3250

- 327

3289

3299
3309
3319
3329
3339
3340
: 33%9
[ 3369
t‘-.'x 3-37

( 3389
’ 3399
3499
3418
3429
9 3439
{ 3440
K- 3459
3480
3470
3430
3490
b 3500
"". 3510

VT T

Bar:

Lintups

Syum:

Ur: 1

. ——— - —— — o — s — — —— —

b vl TR PP T A S APUN TP PUP T sy S S S SRR SRt S

IF Locs="ur"
IF Locg="Lp"
[F Locs="uLe
IF Locs="LL"
Ji=19

[F Lock="HNa"

FOR J=1 TO w9
_infogigy=ne
ITHFUT “Mewmt

Id

THEH
THEH Laoc=2
THEH Laos=32
THEHN

THEH

info bBlock limeg", Id_info¥atd

IF Id_infosdJo="" THEH Jl=J
IF J1=J THEH Bar
MEXT J
Barcht =g
DISP "QME OF S PLOUTEZ CHAM BE EAR CHART®
WRIT 1999
DISP "MUST EE IMCLUDED IM LIHME COUNT"
WAIT twagd
IMPUT “DiIJ YU HAYE R EAR

IF BSC1,124> ¢n

CHART®", 8%
THEM Cant

INPUT "WHICH LIME MUMEER [3 IT™",Barche

IF (Barcht<1l) QR <Barcht;Sy» THEM EBar

[d_infoslllis s mmmmce e mcv v e "

IMPUT "Moo, of lines oo be plovesd",Humlimes

Numltines=IMTC(Huml ingz

[F Barcht sHuml irnes THEN Eare

[F (Humlimeag>0) AMD (Mum!lirsez &3 THEHN Lintwup

DISP “Max of 5§ lirnegs permnisted”

WAIT S0dw

GOTO Cont

GO3UB Linetupe

IF Loc$="MNO" THEM 3uym

FOR J=1 TO Mumlinss:
DISP "Line "3;J;"
WAIT 2B99
IMPUT Id_info¥dJi+t)
[d_inforiJi+sToalag _intollJi+Ial1;19]

MEXT J

Sumbol sa“FALSE"

INPUT “Suymbols ar data points?",0$

[F C3CL,11="%" THEN Sumbolss"TRUE"

[F Locs="MNJ" THEMN SUBEXIT

J2=Ji+Muml irnes+2

ON Loc¢ GOSUER Ur,Ler,u1,L10

CSIIE 2.9,.5

tinie"

LDIR B
FOR J=! T J2=-2
LABEL MSIMNG "K' Id_intosdd)
NEXT J
GOSUB Smpline
UNCLIP
SUBEXIT

SUBRQUTINE WUnr

CLIP 83,119,383-J2+2.9,23
SETUU

FRAME

SETGU

LORG 1

X1=1Q9

B-28
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3 3529 Y1=73,7S=-J1+2.%
< 3539 1ove 23, TE
: 3549 RETURM
g 3559 !
e 3559 L I ZUBROUUTIME Le
e 3579 SLIP 9*,11=.14.14~J_u_.J
1 3530 SETUY p
A 3599 FRAME
g 3509 SETGU
e 3519 LORE
N 3829 X1=1899
o 3839 v1=9.?s+f1 =Il%2, S
Y 36489 MOYE 33,9+12 -3.5 .
p 3659 RETUPN '
b 3850 !
L 3670 U1 ! SUBRDUTINE 1)
. 3839 CLIP 24,51,33-72+2.5,53
> 3899 SETUL
.- 3799 FRAME
ﬂ 3719 3ETGU
2 3729 LORG |
i 3739 Klads
- 3749 Y1873.7S=J1»2,8
Lo 3759 MOYE 25,753
il 3750 RETURM
" 3779 !
i 3739 L1y { SUBROUTIME LI
. 3799 CLIP 24,51,14,14+J2+2.8
! 3399 SETUU
: 3319 FRAME
{ 3820 SETGU
i 3839 LORG 1
A 3349 Xlads
" 3359 Y1RA PO T2~ T 12, S
p 3850 MOVE 25,9%+J2:82.5
: 3379 RETURN
3384 4
3899 Linetupas | SUBROUTINE Lirmstupe
3999 - Lineiddtld=y
3919 Lineid¢2y=4
3929 Lineid(2s=s
3939 Lineid(g)=
3949 Lineid¢Sy=3
3959 Linesyms(liztsn
3950) Lineaymscay=ngn
¥ 397 Lineaym$(Zu=ran
by 3980 L1nesum5\41=“x“
' 3999 Lingsums(Sy=nyr
- 4300 RETURNM
» 4919 !
g 4920 Smpline: ! 3UBROUTINE Smpline
3 4930 SETGU
L +3493 FOR J=1 TN Mumlinssz
& 4353 IF Symbolr=“TFUE" THEM QUTRPUT Flenss
L 4959 MOWE X1,v]
2 4370 LINE TYPE Lingidetu, s
- 4089 IF LineidiIy=d THEN LINE TVFE 4,1,
. 4390 IE Lineigofi=3 THEM LINE TYRE 3,1
[. +19Q IF Sarcht<!J) THEN Drauw

F;“?H";Liﬂesym;i!}




P T T T T ~ : RN .
S 4118 LORG 2
1 4129 LINE TYWPE 1
‘ 4139 LABEL WSIHG “K";"EAR"
4149 QAT Inor
4158 Draw: DRAW H1+9,%)

and

T T g

B — ARSI

(3

!
4
N
b

ORI 5 Co

$189 lncr:
4179

Yisvl1-2.5

MEHXT J

4139 DUTPUT FProttgr; "M

4199 RETLIRM

4299 SUEEND

4219 ! .

422 SUB Dataentrullineidds), Hunlinegz, Sumbal 2, Linezwns (£, Barcht)
4239 !

4249 COM Bmin,hmax, tuin, fmax

4289 Plotter=309S

4280 SCARLE H“min,sWmax,min, ‘fmay

4270 SETUU

4239 C3IZE 3,.5

42949 BUTPUT Plotrer; sn

4399 FOR J=1 TO Mumlinmssz

4319 DI3P “EHVER YALWEZS FOR LINE“;J

4329 WARIT Zdpg ~

4334 IF Barcht{xJ THEH Enter

4349 CALL Barchar:e

+359 GOTD Coant

4360 Enter: INPUT “EMTER 1arn POIHT <M, ¥o", W,
4378 IF SumbolI="TRUE" THEM CJUTFLT Plortari 'S sLinesynsl])
43139 MOVE ¥, %

4399 LIME TYPE Linegid{Js,?3

4409 IF LineiddJosd THEM LIHE TYWPE 4,1.5
4410 IF LingidiJs=3 THEH LINE TYFE 3,1
4429 Rep2at: THPUT "MHext poine 8,50 =3533% EHDS LIMHEN", X,V
4439 [F X&=3933 THEHW Caont

4449 DRAMW X,Y

4459 GQTO Repear

4459 Cont: MEXT J

4470 QUTPUT Plotter; sn"

4439 SUBEMD

4499 ]

4590 SUB Datarfilaeclimaidl#i ,Humlinss,Sumbol F,LinezumEc*)l
4519 !

45209 COM Xmin,Nmax,"Ymin,Vmax

43539 SCALE X¥min,¥max,Ymin, Vmax

4549 Plotter=303

4559 MASS STORAGE I3 "iHT"

4550 SETUU

4579 CSIZE 3,.3

4539 ! PROGRAM QPEHS3 DRTAR FILE "FLTDAT" FOR DATH
4599 ! ENTRY. THI3 MUST BE OMN UHIT SPECIFIED
4508 ! BY R MASS STURARGCGE 13 STATEMENMT.

4510 ! IT MUST NOT BE A PROTECLTED FILE

452¢ ! DRATA [N FILE MU3T BE NFGAHIZED

4830 ! AS FOLLOWS:

4549 P No_pts - VALNE GSREATER THAM |

4850 P X, Y PRIRS OF No_pts DRTA POINTS

43809 ! BEGINNING WITH FIRST LURWE

4870 ! SUBSEQUENT CURVE DATA MUST SESIH WITH
4539 ! A NEW Mo_pts VALUE FOR THE CURYE

4589 ! DRATR POINTS WILL 38 PLITTED IM THE JRIER

VSIS PUET VY DU SN PPN S TR W S PR




— —~— [P - [ . - - - - e, e g gt e e weeseme  w o ow WS =T L= T w
- . [ T T I —~ ']
et e ait s A’ Shedi TRt Sl il N T (Samat CAdacenn' SaC SRt VL SIS N A L et

T 4709 | READ S0 THEY 3=HOULD BE IH
A 4r10 ! ORLER OF IHCREASIAG 1 YALUES.
R 4720 !
4739 ASSTIEH #L T “PLTDAT" Raturn
4749 IF Return=0 THEMN Cont
4739 DISF "FILE HOIT FOUND OF FPROTECTED"
478D STOP
4778 Cont: FOR J=1 TNO Humlinszs:
4739 LIME TWFE Lingidnts,3
4729 IF LinsidJo=4 THEH LIME TYFE 4,1.5
4399 IF Lineid¢Jo=3 THEM LIME TYPE 3,1
4319 IF Synbnl$="TEUE" THEH QUTFUT Flotter;"SHjLingsyndc )
43829 Contl: READ #l;Mo_pts
48349 o [F No_ptsxl THEM Lantd
4340 DISP “WROUMHS HUMEER 0OF FOINTS, LIME";J
4859 WRIT 19969
43809 STOP
43790 Contl: READ #13X,%
4339 MOWE W,
4399 FOR K=2 TO Mo_pts
Y 43900 READ #1331,
o 4919 DRAU #,*
3 4320 NEXT K
. 4939 MEXT J
» 49413 QUTRPUT Plottsr;in®
b, 4950 SUBEND
. 4950 !
[ 4373 SUB Lab21s
. 4930 !
3 4999 DIM Label5C(43]
o SoQg LIME TYPE |
. 5919 Rado: DISP "MOYWE FEM TO START 0OF LAZEL,EMTER"
i SvLY DIGITIZE ¥,¥
{ 9939 INPUT "EMTER LABEL DIRECTION <DESREES",Dir
L 5949 DEG
. 5959 LDIR Dir
?: S9s59 IMPUT "CHARPRLCTER SIZE MULTIPLIER",Zize
. 50670 C3I2E 2.9%3%iz2¢,.95
sS988 LORG 1
3 5999 " IMPUT "“LRABEL",Labels$
- 5199 MOYE X,
t: 5119 LABEL U3SING "K"j;Labels
- 5129 INPUT "DO YOU HAYE AMOTHES LABEL?",E®
2 51309 IF BSC1,11="Y" THEM Redn
{ S149 SUBEND
14 S15¢9 !
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5249 I[F (Bar${>"HOR") HAMND <3ars{:"“wER") THEM Reds
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WAIT 2900

M2t s IMPUT “i,% <=1 EMLIE BAR FLOTH™,H,
[F K< THEN SUEBEXIT
LLIP #=~0ffzat, +0frzar,Yain,"
FRAME
UMCLIP
GOTO Mt

Horiz: DISP "EMTER Bar Lanm3gti, CTenter v
WALT a9

Mexti: LHRUT "W,% -4 EMDS EARR FPLOTI",4Hd,Y
IF ¥<3 THEHW SUEEMIT
CLIP Mminm,d,t=3¢fzet, ' +0r{zat
FRAME
UMCLIP
GOTO Mexti
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COMMENTS ON PROGRAM "WAVANL"

This program is used to plot curves of wave and ship motion. [t takes
its input from the 5420A spectrum analyzer and outputs to the 98728 plotter.
To work properly the spectrum analyzer should be set up to lock at data from
0-32 Hz and the data tape should be run at 16 times normal speed. The data
will be converted by the program to the correct range of 0-2 Hz. Using this

speed-up greatly reduces the time to analyze the data and causes no loss of
accuracy. ‘

The program expects two spectra to be entered. The first must be the

.wave spectrum if RAO's are required. The second spectrum must be a ship

motion corresponding to the wave spectrum. After RUN is pushed the program
will wait for the spectra to be input from the analyzer. The data must be

sent in ASCII format using "501 SAVE" on the analyzer. The analyzer must be
set to addressable only.

Program lines 300 to 380 read the data header. Lines 390 to 410 read the
actual data points. The next set of lines correct the wave data to fraguency
of encounter. Also chosen is the maximum y-value for the plot. This is
chosen to be the maximum y-value following the first valley in the spectrum
occurring after .05 Hz. This selection criteria will ignore the initial DC
spike of the spectrum for scaling purposes.

Note that only the data for the first half of the spectrum is processed.
A1l the useful data occurs between O and 1 Hz. Also the frequency range of
the wave buoy only extends up to 0.8 Hz.

The motion data is processed in lines 710 to 880. Motion data is already
scaled to frequency of encounter so this data needs only to be corrected for
tape speed. Two spectra are computed. The first is the input spectrum from
the analyzer. The second is the spectrum obtained by integrating the input
spectrum twice. This second spectrum will be plotted if heave motion is
desired since the input spectrum is heave acceleration. These two spectra

have ordinate arrays of Y(2,I) and Y(4,I) respectively. Scaling values are
also computed in these lines.

The response amplitude operator's RAQ's for these motions are calculated
in lines 890 to 1130. Again, two RAQ's are computed, one for the input motion
and one for the integrated input motion. These are stored in arrays Y(3,1)
and Y(5,I) respectively. In order to calculate the RAQ's an interpolation
between data points is required. This is due to the shift of frequency which
occurs when the wave data is converted to frequency of encounter.

The remaindar of the program deals with plotting the five spectra
developed. Sub-program "Grid" draws the plotting grid with the appropriate
labels and title lines. Only roll, pitch and heave motions are implementad
together with their RAD's. Wave motion can also be plotted. Sub-program
"Plotdata" plots the data on the grid. Line 1820 allows the operator to
choose which curve will be plotted. The program will loop to plot as many
data curves as desired. Once all data has been plotted the program will again
enter a waiting state so that new data can be entered from the analyzer.
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Lines 24u0 to 2500 show a typical function processing routine, in this
case roll. Index is a parameter wnich determines wnich of the five spactra
will pbe plrtted. An Index=1 indicates wave spectrum, 2 - the motion spectrum,
3 - the \~s spectrum, 4 - the integrated motion spectrum, and 5 - the RAQ
spectrun for tne intagrated motion. Subroutine "Size" sets the Y dimension of
the plot. The SCALF statement sets the 1imits of the plot to 0-1 Hz, O-Maxy
where Maxy is chosen in "Size". ~ktes are then drawn, the tick marks labeled

nd the axes are labeled. A title and information lines are then added to the
ot.

The data is plotted in lines 1330 to 1620. These statements also print
the values nf e peaks and valleys in the spectrum. Finally, sub-program
"Power" i¢ called to integrate the area under the spectrum for all except
RAC's. .alues for frequencies less than .03 Hz are not integrated.
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COMMENTS ON PROGRAM "WAVHGT"

This program was used to measure the instantaneous voltage of a motion
signal and then determine the peak voltage of the wave form. The heights
between successive peaks was then calculated and stored in the array
"Height". This array is then sorted beginning with the highest values. The
sorted list is then used to determine the average 1/3 and 1/10 highest motions.

Although the name implies that this program deais with wave heights, it
may be used with any motion provided the. correct scale factor is inserted at

line 130. "“Attn" is the multiplying factor to convert voltage to the motion
units.

The DC offset in line 110 may have to be changed for each run to insure
the signal is reasonably well centered about zero volts. A peak will be
ignored if it is on the same side of zero volts as the last peak or if the
voltage of the peak is within + "Epsilon" volts of zera.

Tape speed should he 8 to 16 times the original speed when using this

program. Lower speeds will not cause a problem but will take longer to run.
digher speeds will reduce the accuracy in determining the peaks.
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11 PRINTER 1% &,2%
L 2a I PROGRAM HAME "WRYASST"
" 38 !
{3 42 POANRLYSES WAYWE HEISHT AMD SHIP MOTIOH AMFLITUWLE
‘ b1 I T3 DETEZMINE 1. 2 HHD t-o19 HICGHEST MOTIONS
52 POUSES FRECIAL FUNCTION REY #9 TO STOF INFUT OF DATH
b IOSHOULD ZE RUH AT 2-1e TIMES CRICIHAL SFEED
39 !
0] QPTICM EBASE

1o
119
129
139
140
k@ 1S9
- tee
s 179
' 139
199
299
219
229
239
S 249
Lo 259
¢ 280

ave

2389

299
398
313
329
33v
- 34
K 359
3589
370
389
399
408
419
429
439
b 440
459
| 4509
479
439
499
599
.519
529

DIM Hegight <300, 1350320]

OQf f3at=,1595 1 D2 offsstr in 2igmal
Epsilon=.09 I Bared width abour 83 in which
TRtLn=LS Vo Tape aten ¥ ounits converzion

INPUT "RUM ID",1d%
DISP “STAMDINWS EY TO STRRT®

PARUSE

01d_pwak=Irden=y

OM KEY #9 GOTD Inpur_complets
DISP "FISH KEY #9 TO STOP IHFUTY

QWERLAF

QUTPUT SE4:"D. i JMLIS  EQS, RO, T2, FL"
TRIGGER &24

ENTER B824;Freu_rsading

TRIGCSER 324

EMTER ZZ45Current_reading
Diffarsnoe=Current _reading-Fraw reading
Preu_readingsCurrent _reading
Repsat s TRIGLER 224
ENTER 224;Currsnrt_rsading
Mew_ditfererncazCurment _reading=Fraw_reading
IF SGM(Mew_drfFersmzart oG it ¥arenczs THEN
Difference=Han_dirferency
Praev_reading=Currsnt _rsading
QUTN Rep2at
PeakiMNsw_peaksFrau_reading
Difference=len_diffsrsrniy
Frev_réeading=Currsnt _rsading
IF Qld_peak=d THEM Firstpk
IF SCHOD T _prak~0Ffzan =30 an_peak-0FFaen) THEM
[F AB3CHew_peab~0rfzat ) Epsr lon THEM Szpear
Index=Index+]
Height (Inda.cr=RZIdlau_paak=01d_ poak
Firstpk:01d_psakstau_psak
GOTN Rep=at

Faak

CEEL L

!

inpurt_zompl et |
BISP "KEY #Q FILIHED"
REDIM Meightilndwx)
CALL SortiHzight e, L, Indec.
CALL Tanth_auwguHarghn o), Inda, Bug _Lidnh
CALL Third_awguHeight oo, [rnda Aug_3rd.
PRINT PAGE . [dS

: %390 FRINT LINCLO "Suaragds 0 U0 Mighaan = “1Rug 1drh
g $49 FRINT "Ruarags 1.7 mighese = "iAwg 3rd
‘ 359 PRIMNT "A tatal ar “ilndaai® haights wars
589 PRINT "Measzursd nstghts ars:t ", LINCLD
t %70 PRINT Hetghtuen,
I 530 END
59 !
. 830 '
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. 519 SU3 SortyAcel, I, T
= &9 M=Jl+l=11 :
g 831 Logtwau=IHT LGToH - LST oS00+
- 544 CALL Rsart Ao+, Lo0two, I, 1
N 559 SUBEXIT
3 §59 |
N s7o SUB @zars RS, Laog, I1, 10
: §39 JFTIOM BASE
2 598 DIM LdLogr,Uilags
N 799 M=
3 719 . I=11
" 720 J=J1
738 Startl: [F I>=J THEH Mextgroup
F 749 Startl: K=1
, 759 [2=INTCCI+1v 20
[ 759 T=ACL)
3 v It IF RCI=T THEH Lowmiddlst

730 ACI2y=R0Ts
ACLy=T
T=R{1E:

" A
@ -3
[\ IR )
o0

i_ 819 Lowmiddlel:il=y
- 329 I2: IF ROJW<=T THEHM Middlahigh
830 RT3 =RAT)
., 349 ACT»=T
G asa T=AC 127
A 380 13, IF A2 =T THEH Middlahigh
L 83Ty ACI27=AT)
L339 ACL)=T
. 899 T=RCI2D
i 99 Middiehighal=L-1
. $19 I4: [F RILYAT THEM Myddlehigh
S29 Ti=RAL>
939 Stepup: Ksk+1
348 19 IF RoKD5T THEN Stspup
859 [F K>L THEM Pazzsd
389 ALY =ACK)
379 ACK> =T
989 GOTY Middlehigh
P99 Passezd: - IF L-l<=J-r THEN Srorshigh
1999 LiMy=]
1918 DMy =L
1920 I=K
) 1033 M=M+
e 1949 30T Cont
- L1053 Storehigh:iLiMI=K
1989 BCMY=J
1979 J=L
1939 MapMel
1993 Cont: IF J-1l>=11 THEN 3tartl
1199 [F I=11 THEM 3rartt
1119 [=1-
1129 Ing: I=+|
1139 IF I=J THEN Haxtgroup
1149 T=RCI+1n
11352 I8 [F ACIM>=T THEM In:
1159 K=l
1179 Copu: RCK+1Y=/{K
{139 KaK=1
1189 17 IF THM»ACKY THEM Copu

ST

e . e




i ey A e TN RTITRT T AT T W wT T Wm0 37T AT e T AT Eati S S

arratocy EER Lca et ot bl hdh 2

TN

bt 20 o

T

- ——T T 7
T L .r..4'_!a Ll

P ant amecd S

1299
1219
1229
12389
1249
1289
1289
127

1289
1299
1399
i319
1329
1338
1340
1358
1380
127

13398
1399
1490
1418
1429
1439
1449
1480

AiK+13=T
GATO I
Maxt group: M=i=1
IF M=3 THEM Dur
I=Linms
J=Udms
GOTO Cone
Dut: SUBERIT

o m e e

Aug_lathsAug_tanh+RAlLas]
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SUEB Tenth_augdfois), Indew,Aug_19tho
J=INTIndex/ 100
Aug_lath=yg
IF J=9 THEM 3UE
FOR I={ T2 J
NEXT 1
SUBEMD
]
SUE Third_awgiRAd#0, Indesx, Aug_3Ird’
J=IMNT Inde 30
Aug_Srd=w
IF J=9 THEM SUBEXIT
FOR I={ TO J
Avyg_Zrd=Rug_Zrd+Rclo o)
NEWT 1
3UEEND
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RECOMMENDATIONS FOR IMPROVING TEST PROCEDURES AND EQUIPMENT

Four areas where improvement is necessary will be discussed in this
appendix. These are improvements in the use of questionnaires, improvements
in measuring speed, improvements in measuring the directionality of wave

spectra and improvements in the method of measuring shaft torque. The last
will be considered First.

Shaft torque and hence shaft horsepower (HP) were measured during the
DORADO tests using a powerometer developed by Ultra Products Systems. This
device was found to have serious drawbacks although in concept it represents a
significant improvement over husk type torsion measuring devices. These
require slip rings or telemetry to get the signal off the rotating shaft. In
the powerometer concept two prerecorded tapes are wrapped around the shaft and
a carrijage with tape playback heads is secured to ride on the shaft with the
playback heads over the tapes. The signal from each tape is fed to the
powerometer for processing.

The tapes applied to the shaft each have a sine wave recorded on them.
The sine waves of the two tapes are identical in frequency. The tapes are
applied 15 inches apart on the shaft and as the shaft twists from torque
loading the relative phase angle of the sine waves will change., It is this
change in phase angle that is used to compute the torque. The frequency of

the sine wave is proportional to the RPM of the shaft. These two values are
used to compute HP.

When conditions are ideal this works fine. In the DORADO tests the tape
sets supplied by Ultra Products Systems were not of identical frequency. The
difference in frequency was less than one percent but this was more than
sufficient to disrupt the measuring process. Without an identical frequency
the phase angle is different for each cycle of the sine wave. Also the tape
must be handled very delicately to prevent stretching. Even a minute stretch
will change the phase angle locally,

By a great deal of post processing it was possible to extract the torque
information. However, the problems of tape stretch and non-identical
frequencies must be solved if the device is to be used satisfactorily. The
best solution is for us to record our own tapes. This wili require purchase
of a high quality frequency generator which has a near zero drift in
frequency. Also, tape material should be investigated to see if there is a
material on the market which will eliminate the stretching prcblem.

The powerometer is capable of only one HP calculation in 15-20 seconds.
This may not satisfy the needs of the test. Near instantaneous torgue values
can be obtained using a dual channel spectrum analyzer. By putting the signal
from each playback head into a separate channel the phase angle between the
signals can be measured directly. More accurate values of torque could be
obtained by recording sine waves of many different frequencies on each tape.
The phase angle shift at each frequency can be determined using thne spectrum

analyzer. The torques determined using zach frequency can be averaged to
improve the variance.
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The wave directionality problem is more difficult because the R&D Center
is currently using a state-of-the-art approach. A waverider buoy is used to
determine a point spectrum for the sea waves. This spectrum contains no
information on wave direction. The ship is operated on different headings to
the sea after the principal wave direction is determined by eye. This method
of determining wave direction is imprecise at best and is impossible if there
are significant waves coming from multiple directions as is usually the case.
The resulting ship motions ire not reproducible in different seaways having
the same spectrum but different directionality.

A different method for measuring wave height is proposed to markedly
improve on this problem. For many years the Navy has used sensors mounted to
the bow of the ship to measure wave height. Single sensors are used and only
a point spectrum is obtained. However, with a sensor on the vessel the wave
measured is the wave actually encountered and no correction need be made for
ship speed or direction to the waves. Also, any spatial change in the wave
energy spectrum will no longer cause a problem because the wave energy is
measured at the ship.

Typical sensors used include radar and laser altimeters and sonic height
sensors. The radar altimeters appear to be best. All require that the height
be corrected for ship motion which introduces a new source of errors.

It is proposed that this method be carried one step further to obtain
wave directionality. Two height sensors can be used spaced a fixed distance
apart. The height signal from each sensor can be fed into a separate channel
of a dual-channel spectrum analyzer. This analyzer can determine the cross
power spectrum of the signals rather than the auto power spectrum of each
signal individually as is now done.

The usefulness of the cross power spectrum lies in the fact that the
spectrum represents the apparent wave propagation along the line of the two
sensors. Figure C-1 shows how an array of five sensors could be arranged to
measure the spectrum each 22-1/2 degrees around the horizon. The sensors are
used in pairs to do this. By choosing the pair of sensors most appropriate to
the motion being measured, the primary directional spectrum driving that
motion can be determined. For example, two sensors in line with the
longitudinal axis would be used to evaluate pitch response. This should
significantly improve the repeatability of response amplitude operators and
permit extension to other sea states. At the very least the directional
spectrum of the sea could be determined with high accuracy.

The array of sensors would be mounted to the vessel's bow. As before,
corrections must be made for vessel motion. The spectrum analyzer requires an

ana}og input signal. Therefore, the outputs of the senscor package must be
analog.

This appears to be a promising approach to measuring wave spectra but
needs to be developed more and tested under field conditions before being
adopted. T!. spacing between sensors is the primary variable to be studied.

c-2
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The current method for measuring vessel speed involves the use of
Loran~-C. The time to travel between two Loran-C positions and the distance
between thesa positions provides the data necessary for the speed
calculations. This has proved quite accurate and precise for measuring
average speed over about a 2-mile course; however, no information is available
on instantaneous speed or side slip relative to the water.

Most speed sensors commercially available require installation through
the hull, This is unacceptable for most ship tests. At the Sixth Ship
Control Systems Symposium in Ottawa, Ontario, Canada, Samuel Cheney presented
a paper entitled "High Speed Velocity Log, A Practical Solution for Precise
Speed and Sideslip Measurement for Air Cushion Vehicles." This paper
describes a Doppler radar approach to vessel speed measurement developed by
the Naval Air Development Center. The sensor described appears to be a
significant improvement over the Loran-C method currently used and does not
require through-hull mounting. Side slip speed is also available. The sensor
mounts on the bow of the test vessel near the deck. An effort should be made
tc obtain a similar sensor package for AMV testing use. The one disadvantage
of this sensor is that testing must be done when winds are greater than 5

knots or seas greater than 6 inches. The sensor will not work in flat calm
conditions.

The present concept for using questionnaires to obtain information during
an OPEVAL has some serious drawbacks. These were emphasized during the DORADO
tests. The concept of using questionnaires requires two essential elements.
First the people filling out the questionnaires must have spent an adequate
amount of time on board the vessel under test to obtain experience in all
aspects of vessel operation, Second the people must have familiarity with

other Coast Guard cutters, particularly WPB's, in order to comparc the test
vessel with current vessels.

For the DORADO tests both of these were initially being met. An
experienced WPB crew was to be transferred intact to the DORADO and remain
throughout the test period. In practice only a few of the crew were on the
DORADO for an extended length of time. Crew replacements in general had no

gxg?rience with WPB's. As a result the value of the questionnaires suffered
adly.

It is recommended that in future OPEVAL's of this nature strict
guidelines be established for crewing and that these be adhered to. An
alternative approach would be to establish a “"panel of experts" who would ride
the vessel for a period and then fill out the questionnaires.

C-4
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DESCRIPTION OF INCLINING EXPERIMENT

The inclining experiment on the DORADO was performed in an unconventional
manner and hence requires some explanation of the procedures used. The
conventional method used to measure the inclination angle is to suspend a long
pendulum near a transverse batten and note the lateral movement along this
batten. From this the inclination angle can be easily computed. In the case
of the DORADQ, as with most small vessels, there was.-no place from which &
pendulum could de secured and in any case the pendulum would have been exposed
to the wind which would have added considerably to the error.

During the DORADO test the inclination angle was measured using a
theodolite on shore and targets set up on opposite sides of the vessel. By
measuring the cistance from the theodolite to these targats and the vertical
angle from the theodolite to each target, the change in heel angle between two
loading conditions can be computed. The heel angle was irduced by placing two
10,000-pound weights first on the starboard side and then on the port side.

Knowing the vessel displacement, from the draft marks, the inclining
weight used, the distance it was moved, and the heel angle, the metacentric
height, GM, can be computed.

The theodolite used to measure the angles had a single vertical reticle
craossed by 3 horizontal lines. The upper and lower line were equal distance
from the center horizontal line. These three lines allow three separate angle
measurements to be made which can be averaged for greater accuracy. This
permits angle measurements down to 1 second of arc. Measurements are first
taken using each of the three lines with the theodolite on one side of
vertical. The theodolite is then rotated through a vertical angle of 180
degrees and the three measurements are repeated. These are referred to as
face right and face left positions. The six measurement positions are
referred to as UL-upper left, AL-average left, LL-lower left, UR-upper right,

AR-average right, and LR-lower right. These refer to the reticle line used
and the facing of the theodolite.

, The six angles above were measured to both targets in each of the two
weight locations, port and starboard. The targets themselves were triplane
reflector arrays mounted on tripods. These were positioned 37'-1.5"

apart on the after main deck. The distanca from the theodolite to each target
was measured using an infrared ranging device mounted on top of the
theodolite. This ranging device could measure the distance down to hundredths

of a foot. These distances were also measured for each weight location. This
data is shown in Table D-1.

The zenith angle refers to angles measurad from the vertical with zero
degrees being straight up. Letting Z be the zenith angle then:

Z =1/2 (3600 + UL-LR) = 1/2 (3600 + AL-AR) = 1/2(360° + LL-UR)

0-1
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These three computations of zenith angle can be average to deftermine the

zenith angle to use. For the various targets and weight positions, these worx
out to be:

Weight Target A 90-2
Port Port 95955+ 17n 50551 17n
Port Stbd | 93024 24" -3926" 24"
Sthd Port 930041 43" -3004'43#
Stbhd Stbd 95909 23" -5909' 23"

The distance from the horizon down tc the target is d.tan (Z-90) where d is
the distance from the theodolite to the target. These distances will be
referred to as P., port target weight starboard, Pp, Sp, and S;.  The
values calcu]ateé for these distances are:

4.3229 ft Pg = 3.3749 ft

p
P = 3.6091 ft S% = 3.9796 ft

Sp

nn

The heel angle, H.A., can be calculated using the formula:

tan (H.A.) = Ss-Sp - Pp - Ps
D

Where D is the distance between the targets. This gives a value of H.A. of
2.034 degrees. The forward weight and the after weight were eazn moved 31'Q"
from port to starboard. Displacement, W, of the SES at the drafts tested was
302,500 pounds. The metacentric height is then:

M= wxd = 20000 x 31 = 57,71 ft
W tan (H.A.) 302500 tan (2.0349)

However, no compensation has been made in the above caiculation for the effect
of the wind. The lateral area of the SES was calculated to be 1250 square
feet with the center of area located 7.39 feet above the water line. For a
15-knot wind the cide force on this area will be approximately 1200 pounds

while the heeling moment due to the wind is:
1200 1bs x 7.39 feet = 8900 ft 1bs

The total moment must include doubie this effect due to the way the ship was
tested. Therefore:

GM = 20000(31) + 2(8900) = 59.4 feet
302500 tan (2.034)

The amount of weight which can be lifted 5 feet off the side is calculated by:

Weight = GM * W * tan (H.A.)
]
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Where d is the distance of the weight from the centerline.

Weight = 59.4 * 302500 * tan 6° = 77000 pound
19.5 + 5

for a 6 degree heel angle.
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INCLINING EXPERIMENT

VESSEL NAME USCGC DQRADO DATE 8/5/81

;‘ TRIAL NUMBER 1 2 3 4

N MAX PORT MAX PORT MAX STBD MAX STBD
L VERTICAL ANGLES PORT TAR STBD TAR PORT TAR STBD TAR
s uL 960 12' 18" 93% 44 38" 93% 22' 08" 959 27' 29"
F! AL 959 55 21" 939 27' 13" 93° 04' 52 952 09' 43"
:

E LL 950 33' Q3" 93° 10' 10" 92% 47' 37" 949 52' 28"
E‘ DIST TO PORT TAR 41.68 £2.75

&; DIST TO STBD TAR 60.04 144,10

Ei

Tahle 0-1

INCLUINING EXPERIMENT MEASUREMENTS

D~4

UR 263° 47' 03" 266° 17' 09"  266° 38' 39" 2649 34' 06"
Q‘ AR 2649 04' 23" 266° 34' 45"  266° 55' 36" 2640 51' 03"
ii LR 2649 22' 35" 266° 51' 44" 267° 12' 02"  265° 08' OI*

RANGE ADJ SETTING: 42

AIR TEMP: 84

BARO PRESSURE: 30.12

I AP NDVa N S A A i e s .
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APPENDIX E
RUDDER ANGLE DERIVATION
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RUDDER ANGLE EQUATION DERIVATION

The test setup was -3 shown in Figure E-1. This setup was changed
slightly betweea the tests conducted in August 1981 and thase conducted in
November 1981. The general formula for rudder angle given the voltage input

wil' be computed first and then the constants for the two test periods will be
calculated.

String length, a, is proportional to the voltage output across the
potentiometer. This is the voltage measured by the test equipment as the
indication of rudder angle. Distances b and ¢ are fixed and were measured on
board the ship. The angle A corrected to the reference of zero rudder angle
is the desired quantity. Length a is linearly related to the voltage so:

a = K] vV + K2

where K3 and K2 are constants
V is measured voltage

The following trigcnometric identity is of use.

cos (1/2 A) = Tfsjs-a) where s = 1/2(a+b+c)
be

The rudder angle is equal to A - constant angle. Call this constant angle
K3-

The procedure will be to measure a, b, and ¢ at a known rudder angle near
zero. From this the value of K3 can be calculated using:

RA = 2*arc cos_[s(s-a) - Kj
bc
Since rudder angle = RA = A - K3
The rudder is then moved to 300 jeft rudder and the voltage measured.
The same thing is done for 309 right rudder. These two rudder angles and

voltages are used to calculate constants Ky and Ko. By manipulating the
trigonometric identity the following formu]a for a is obtained:

 fo[5r9)% - (eos 172 W) Z(0c]]

A = RA + K3

For each of the two rudder angles a can be computed. Then the equations:
a) = K]*V]+K2
a; = K]*V2+K2

can be soived for Ky and Ky. Working backwards, for any value of voltage
the rudder angle is:

E-1




a = K]*V"’Kz

RA = arc cos\/(b+c)2 - a% - K3
be

Table E-1 licts the constant values computed for each of the test dates.

Cah e TRty i SR gt a4 oS T ET T sy AL LULTTR
AP IR PRI AR R e ~dﬂ, R

TABLE E-1
August 1981 November 1981
K  -6.6003 inches/volt -4.237 inches/volt
Ko 19.973 inches 19.500 inches
K3 49.55 degrees 54.75 degrees
b 13.75 inches 14 inches
c 24.75 inches 24 inches
8
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FIGURE E
RUDDER ANGLE TEST ARRANGEME
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